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OBJECTIVE DETERMINATION OF THE HEAT TREATMENT 
REQUIREMENT OF COOKED POTATOES 
E . K O V Á C S , К . V A S a n d J . B E N C Z E - B Ő C S 
(Rece ived March 16, 1973) 
H a r d n e s s of 5 p o t a t o var ie t ies ( G ü l b a b a , B i n t j e , Dés i rée , Maryke , J a e r l a ) 
w a s s tud ied d u r i n g c o o k i n g a t var ious t e m p e r a t u r e s (75— 95 °C), as a f u n c t i o n 
of cooking t i m e (0 '20 m i n ) a n d of t i m e of p r ev ious cold s t o r a g e (0 — 6 m o n t h s 
a t 5— 10 °C). H a r d n e s s w a s m e a s u r e d i n s t r u m e n t a l l y (Texturometer) a n d e v a l u a t e d 
sensor ica l ly . 
I t w a s f o u n d t h a t cook ing t imes, n e c e s s a r y t o ach i eve 5 0 % reduc t ion in 
ha rdness , we re s imi lar fo r all var ie t ies . Cooking t imes , needed t o decrease h a r d n e s s 
t o a d e f i n i t e a b s o l u t e v a l u e (e.g., Texturometer va lues 45 or 30), however , v a r i e d 
s l ight ly w i t h t h e v a r i e t y , t h e s lowest -cooking var ie t ies be ing B i n t j e and Dés i rée . 
A p p r e c i a b l e d i f f e r ences in i n s t r u m e n t a l l y m e a s u r e d cooking ve loc i ty cou ld 
be d e m o n s t r a t e d b e t w e e n p o t a t o e s before a n d a f t e r 5 or 6 m o n t h s of cold s t o r a g e . 
T h e p o t a t o lo t s s to red f o r longer pe r iods showed qu i cke r s o f t e n i n g u n d e r t h e 
s ame cook ing cond i t ions . 
Cook ing ve loc i ty s h o w e d l inear inc rease w i t h inc rease in t e m p e r a t u r e . 
N o v a r i e t a l e f f ec t could b e observed . Q l n va lues r a n g e d b e t w e e n 1.8 a n d 2.9, 
a v e r a g i n g a r o u n d 2.0, a n d exh ib i t ed no d e p e n d e n c e on v a r i e t y or s to rage l i m e . 
Sensory a n d i n s t r u m e n t a l m e t h o d s f o r d e t e r m i n i n g h a r d n e s s in p o t a t o e s 
showed s o m e cor re la t ion . T h e i n s t r u m e n t a l m e a s u r e m e n t p roved t o be m o r e 
sens i t ive a n d app l i cab le t o a wider r a n g e of h a r d n e s s v a l u e s t h a n did s e n s o r y 
eva lua t ion . 
I n t h e knowledge (a) of t h e t e m p e r a t u r e h i s t o r y of t h e h e a t - t r e a t e d 
tube r s , (b) of t h e t e m p e r a t u r e dependence of cooking ve loc i t y a n d (c) of t h e 
ob jec t ive (mechanica l ) s t a n d a r d of t he h a r d n e s s cha rac t e r i s t i c s of t h e cooked s t a t e , 
t h e " c o o k i n g r e q u i r e m e n t " c a n be ca lcu la ted . I n th i s w a y t h e e x a c t r e q u i r e m e n t s 
of h e a t t r e a t m e n t can be d e t e r m i n e d a n d d e g r a d a t i o n of t e x t u r e a n d w a s t a g e of 
h e a t i n g ene rgy , b o t h b e i n g consequences of overcooking , can be avo ided . 
An ever-growing portion of the pota to crop is being processed by the 
food industry (HAMPSON, 1 9 6 9 ; P A U L U S , 1 9 7 1 ; U H L M A H N , 1 9 7 2 ) . One of the 
processing methods is heat t reatment . Of the various forms of heat t reatment , 
cooking is an important operation not only from the point of view of culinary 
technology, but also from t h a t of the production of canned (sterilized) potatoes 
whicli appear to be in great demand with the consumers in many countries. 
Apart from microbiological considerations, knowledge of the heat t rea t -
ment required to bring about the "cooked" s ta te of the potato, so as to avoid 
unnecessary overcooking (i.e., undesirable texture, energy wastage, etc.), is 
of technological and economic importance. 
Exact determination of the cooking requirement is fairly difficult at 
present. However, it was thought possible to solve this problem (a) by find-
ing an objective standard for the cookcd state, (b) by determining the ra te 
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of cooking (i.e., of "gett ing cooked") as a function of temperature, and (c) by 
recording the temperature history of po ta to tubers under the actual cooking 
operation. I t was assumed tha t in this way, the heat t rea tment requirement 
("cooking requirement") could be calculated for every process. 
1. Materials and methods 
1.1. Potatoes used in the experiment 
The following varieties were tested. 
Gülbaba. Hungarian variety (developed by J . E S Z E N Y I and V. T E I C H -
MANN, 1940). The tuber is long, cylindrical, of uniform surface. Shallow-seated 
eyes are si tuated on the t ip of the tuber, sometimes the eyes protrude. The skin 
is pale red and smooth. The flesh is white, the glomerules show up hazily. 
Quality characteristics: Early maturing, medium yield table pota to 
variety with excellent eating quality. Starch content: 15—16% (O.M.F.I., 
1970). 
Bintje. Tuber: long oval, f lat tened, larger-sized; peel: ochre-coloured; 
the flesh is light yellow. The eyes are shallow-seated. 
Quality characteristics: Table po ta to of medium earliness with a high 
yield and low starch content. Excellent eating quality, does not disintegrate 
on cooking, only slightly mealy. Does not show grey darkening upon cutt ing 
and cooking. Good storage quality. 
Jaerla. Tuber: roundish oval-shaped; peel: smooth, shiny and yellow; 
flesh: light yellow, eyes: fairly shallow-seated. 
Quality characteristics: Very early growing table pota to with low starch 
content, non-mealy, does not disintegrate on ccoking. Good eating quality. 
Moderate storage life. 
Maryke. Tuber: large to very large, long oval shape, eyes seated on the 
surface. Peel and flesh: light yellow. 
Quality characteristics: Moderately late-growing table potato with high 
starch content ; mealy. Good eating and storage qualities. 
Désirée. Tuber: large, long oval, regular-shaped with red skin and light 
yellow flesh. Eves seated near the surface. 
Quality characteristics: Moderately late-growing pota to variety with 
low starch content, very slightly mealy. Moderate storage quality (O.M.F.I., 
1973). 
Po ta to consignments were bought from the Co-operative Enterprise for 
Agricultural Products (Miskolc) in October 1972, except for Gülbaba which 
was bought in May 1973 from the Agricultural Co-operative Sasad (Budapest). 
Storage of the potatoes was carried out at a temperature of 5—10 °C 
a t relative humidities between 60 and 70%. 
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1.2. Cooking experiments 
1.2.1. Preparation of raw material. Peeled potatoes were used in the 
experiments in two forms, (a) cut across the long axis of the tuber into discs 
of 15 mm thickness, with a diametre of 30—35 mm except for the variety 
Maryke which had an average diametre of 70—80 mm, and (b) cut into discs 
of 1.5 d: 0-2 mm, with a diametre of 26 mm. This diametre was secured by 
first producing potato cylindres by the use of a cork-borer of 26 mm diametre 
and then cutting these cylindres with a cucumber slicer. 
1.2.2. Heat treatment. In all cases, a 1.5% NaCl brine was used as the 
heat t ransfer medium. The ratio of brine to po ta to was 2 to 1 in the case of 
the 15-mm discs and 10 to 1 with discs of 1.5 mm thickness. In this way, it 
could be achieved tha t , on introducing the pota to slices into the brine of pre-
determined temperature, the drop in the lat ter was very low (with 15-mm 
discs: 0.5—1.0 °C for less than 3 min in a brine of 95 °C) or nil (with 1.5-mm 
slices). 
Cooking temperatures applied were as follows: 75, 80, 85, 90 and 95 °C. 
Cooling to room temperature was done by decanting the brine. 
1.3. Measurement of consistency 
Mechanical properties of potatoes were measured at room temperature 
with a Texturometer manufactured by the Zenken Co., Japan , under licence 
from General Foods Corp., USA. The conditions of measurement were as 
follows: 
— dentures bronze plunger, 
— articulator speed: 12 chews per minute, 
— recording paper speed: 750 min m i n - 1 , 
receiver for the electric signal operative in the range of 0—2.5 V 
(at 0.5 V), 
— "Attenuator 1" adjustment . 
Hardness of the 1.5-mm slices was measured by piling 4—5 discs on 
each other to reach an integrated thickness of 6.7—7.0 mm. 
Evaluation of texture measurements was carried out as described by 
K O V Á C S and V A S ( 1 9 6 9 ) . The height of the peak was taken as the measure for 
hardness. 
1.4. Sensory tests 
To determine the "cooked s t a t e " of potatoes and to correlate sensory 
with instrumental evaluation, 15-mm discs were cooked at 95°C for varying 
periods, and tested by 5—10 tas ters with the same lots of potatoes on two 
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occasions (November 1972 and May 1973). The scoring system used was as 
follows: 
5: very hard, 
4: slightly hard, 
3: optimal texture, 
2: slightly soft, 
1: very soft . 
2. Results 
Changes in the texture of a number of potato varieties were measured 
as a function of cooking temperature and time by using an instrumental 
method and by sensory testing. 
2.1. Changes in hardness during cooking at 95 °C 
15-mm discs of potatoes were cooked at 95°Cfor 5, 10, 15 and 20 min, 
resp., and their hardness determined, af ter quick cooling to room temperature, 
with a Texturometer. 
Measurements in November were repeated on the same lots of potatoes 
af ter about 6 months of storage at 5—10 °C in May. 
Table 1 and Fig. 1 show the changes in hardness of 5 potato varieties 
as a function of cooking time at 95 °C. 
As can be seen, average hardness values range from 345.0 to 506.6 for 
the 5 potato varieties in the raw (uncooked) state. Analyses of variance showed 
tha t there was a highly significant difference in hardness between the varieties 
tested in November, and a very highly significant difference between varieties 
tested in May. The differences in hardness between varieties did not disappear 
af ter cooking for 5, 10 and 15 min. By analysis of variance, all these dif-
ferences were found to be very highly significant statistically. 
In the course of cooking, the greatest changes occur in the first 5 (or 10) 
minutes. Changes during this period also determine the difference in "cook-
abili ty" of the same variety before and after storage for 6 months. I t is evi-
dent that potatoes, stored for a longer period could be softened much 
quicker by cooking. 
The duration of cooking at 95 °C, necessary to reduce hardness values 
to 50%, 10 %, 5 % and 2.5%, resp., of the hardness of the raw potatoes ('50%, 
'io%> h%> C-5%) has been interpolated from a number (AT) of individual cooking 
curves and their means are shown, together with their standard deviations, 
in Table 2a. 
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The differences in mean cooking time requirements can be seen in 
Table 2b. 
I t is evident, t ha t although, except for Bintje, cooking time require-
ments of the 5 varieties did not vary appreciably, they were reduced to 40— 
50% of the original value by storage of about 6 months, although the hard-
ness value in the raw state did not show nearly similar decreases during storage. 
Based on Fig. 1, the times required to reach certain predetermined hard-
ness values (i.e., Texturometer readings: 45, 30, 20, 15 and 12.5, resp.) during 
cooking at 95 °C are shown in Table 3. 
500 
400-
300 
200 -
100 
N o v e m b e r 1972 
N = 15 
Desiree 
Marykej l 
Bint je 
0 5 10 15 20 
May 1973 
N=3 
M a r y k e 
B in t je 
Gii lbaba 
/ 
5 10 15 20 
Cooking time (min) 
Fig. 1. Changes in the m e a n hardness values of pota toes as a funct ion of cooking t ime 
a t 95 °C, before and a f te r cold storage (15 m m th ick slices) 
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Tab le 1 
Changes in consistency of various potato varieties as a function of cooking time, before and after 6 months of storage 
(15 mm thick slices; 95 °C) 
Varie ty 
C
.
0 0 k
"
 1
 Désirée ! Maryke I Jae r l a i Bin t ie Glilbaba Storage t ime ing I I I I 
(months) t ime - Texturomeler hardness value 
(mm) I 
X 8 x s i s x s j s 
0 15 427.1 62.64 358.8 34.76 378.9 63.00 415.0 80.12 
0 5 15 266.3 81.37 217.7 80.23 237.1 86.39 254.5 73.04 
(November 1972) 10 15 40.0 17.06 41.3 24.88 32.9 18.89 81.3 73.68 
15 15 18.9 8.30 14.9 7.99 13.1 4.44 25.9 19.48 
20 15 10.8 6.90 9.3 3.51 12.0 11.56 13.9 3.77 
0 3 355.0 54.91 397.5 41.93 363.7 75.64 506.6 23.63 345.0 19.04 
6 5 3 25.0 13.23 33.0 34.91 19.8 20.69 42.3 21.82 33.3 4.16 
(May 1973) 10 3 14.7 7.93 8.8 2.75 9.6 3.94 19.8 6.24 12.5 2.18 
15 3 14.6 0.58 7.8 2.25 6.0 2.16 13.0 1.99 19.1 3.29 
20 3 10.3 2.99 11.5 2.99 6.3 1.19 11.9 5.62 23.6 2.93 
N : N o . of para l le ls 
x : a v e r a g e h a r d n e s s va lue 
s: s t a n d a r d dev i a t i on 
Table 2a 
Cooking times necessary, at 95 °C, to reduce hardness to 50, 10, 5 and 2.5% of the original value as measured in raw potato slices 
(15 mm thickness) before and after 6 months of storage 
Storage time 
(months) Variety 
Hardness Cooking time requirement (min) 
of potatoes 
(Texturometer 
value) 
ha'U <10 •/, <»"/o <!,0°/o 
N X s N X s N X s N X s 
0 Désirée 427.1 10 6.0 1.49 10 10.3 1.16 10 13.6 1.95 _ 
(November 1972) Maryke 358.8 15 5.9 1.43 15 11.1 2.00 13 12.8 2.39 10 16.3 2.23 
Jaerla 378.9 14 6.0 1.48 14 10.1 1.86 14 12.6 2.21 10 16.6 2.31 
Bintje 415.0 11 6.5 1.20 11 13.3 2.76 10 15.5 3.54 4 13.8 2.17 
Gülbaba 
— 
6 Désirée 355.0 3 2.5 0 3 5.0 0.71 3 9.5 4.14 1 8.0 — 
(May 1973) Maryke 397.5 4 2.6 0.27 4 5.3 0.99 4 6.5 1.66 4 7.9 2.19 
Jaerla 363.7 4 2.5 0 4 5.1 0.84 4 6.1 1.67 2 11.3 0.25 
Bintje 506.0 3 2.7 0.24 3 5.3 0.85 3 7.0 1.47 2 15.0 0 
Giilbaba 345.0 3 2.5 0 3 5.2 0.24 3 9.2 0.62 
— — — 
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Table 3 
Cooking times needed to reduce hardness of raw potatoes. Texturometer values 45, 
30, 20, 15, and 12.5, respectively (15 mm thick slices; 95 °G) 
Storage time 
(months) Variety 
Cooking time requirement (min) 
<45 <30 <20 <15 <12,5 
0 Désirée 9.70 12.40 14.80 17.60 19.00 
(November) Maryke 9.60 11.80 13.80 15.00 19.00 
J aerla 9.50 10.80 13.20 14.60 16.40 
Bintje 12.80 14.60 17.40 19.50 15.00 
Gülbaba 
— — — — 
— 
6 Désirée 4.50 6.75 8.75 10.00 17.75 
(May) Maryke 4.00 5.50 7.50 8.50 9.00 
J aerla 3.25 4.25 5.00 7.50 9.00 
Bintje 4.75 7.75 10.00 13.50 20.00 
Gülbaba 4.25 5.50 8.00 9.50 
— 
I t can be seen tha t , here, cooking requirements varied depending on the 
variety, as well as on the length of storage of the potato. The slowest-cooking 
varieties were Bint je and Désirée. 
2.2. Temperature dependence of cooking velocity 
Cooking experiments, in a 1.5% NaCl brine having a volume about 
10 times tha t of the potatoes, were conducted with po ta to discs of 1.5 mm 
thickness (diametre: 26 mm) a t various temperatures (see: para. 1.2.) in Decem-
ber and May, except for variety Gülbaba which was examined in May only. 
Table 4 and Figs. 2 and 3 show the hardness values of potato varieties as 
a function of cooking time and temperature. 
Cooking times necessary to reduce hardness to 5 0 % and 25% of its 
original value, respectively, (t50<yo, С5%) were interpolated from curves in 
Figs. 2 and 3 and are shown in Table 5. 
The reciprocals of /50% and i2s% were used to express cooking ra te or 
softening velocity (w50%. u25%). These are also given in Table 5. 
I t is apparent tha t , with the exception of the variety Gülbaba which 
was tested af ter a much longer storage period, the varieties showed no sub-
stantial difference in cooking rate at the same temperature levels. At different 
temperatures, however, cooking times varied quite considerably. 
Times required to produce a 50% drop in hardness and to reach a hard-
ness value of 30, respectively, are recorded in Table 6. 
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120 
C o o k i n g t i m e ( m i n ) 
Fig . 2. Changes in the hardness of po ta toes as a f u n c t i o n of cooking t i m e and t empera -
tu re (1 .5 m m thick discs) . Averages of 3 parallel m e a s u r e m e n t s 
C o o k i n g t i m e ( m i n ) 
Fig . 3. Changes in t h e hardness of po t a toe s as a f u n c t i o n of cooking t i m e and t empera -
tu re (1.5 m m thick dies). Averages of 3 parallel measu remen t s 
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From these data, Q10 values were calculated and are shown in Table 6. 
Apparently, there is no distinct difference between Q10 values derived from cook-
ing time requirement values pertaining to a target hardness of 50%. Also, 
Q10 does not seem to be influenced by the variety. 
Plotting softening velocity against cooking temperature resulted in a 
straight-line relationship as illustrated in Fig. 4. 
Fig . 4. Tempera tu re (У) dependence of so f ten ing veloci ty (t>50o/„) in p o t a t o cooking. 
Curve I : December 1972; Curve I I : May 1973 
This relationship can be used to interpolate the velocity values for any 
temperature between 75 and95°C. These, then, can be utilised to calculate 
t he "cooking equivalent" of any given heat process with known temperature 
history in the range between 75 and 95 °C. 
2.3. Sensory studies of the cooking process 
In the course of experiments on the softening of potatoes during cooking 
a t 95°C, as described in para . 2.1. (15 mm thick slices), sensory tests have also 
been carried out to determine the cooking time necessary to reach the "cooked 
s t a t e " from the organoleptic point of view. The results are shown in Fig. 5. 
As described in para 1.4., a 5-score system was used and score 3 was 
defined as the optimum texture characteristic of the properly cooked state. 
I t can be seen tha t , in the November tests, 14—20 min at 95 °C were required 
to reach this stage, while 6 months later these values were between ca 9 and 
15 min. 
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T a b l e 4 
Changes in consistency of potato varieties as affected by cooking temperature and time 
(1.5 mm thick discs, 26 mm in diametre) 
Cook-
ing time 
(min) 
0 
6 
10 
15 
20 
30 
60 
70 
90 
120 
180 
0 
6 
10 
15 
20 
30 
60 
70 
90 
120 
180 
0 
6 
10 
15 
20 
30 
60 
70 
90 
120 
180 
Cooking temperature (°C) 
80 85 
Texturometer hardness value 
63.7 15.5 
34.0 
19.6 
5.3 
5.0 
7.1 
5.3 
1.5 
0 
75.0 
13.6 
7.8 
3.1 
3.5 
68.3 
15.6 
7.8 
2.6 
1.5 
d 
d 
87.5 
14.1 
8.8 
3.0 
2.7 
1.5 
d 
12.2 
3.3 
2.5 
1.1 
0.7 
22.6 
1.3 
2.3 
0.7 
0.4 
22.5 
2.0 
2.3 
0 .8 
0 .8 
0 
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Tab le 4 
( continued ) 
Variety 
Cook-
ing time 
(min) 
Cooking temperature (°C) 
75 80 85 90 95 
Texturometer hardness value 
X S i X 8 i X s X s X s 
Bintje 0 97.0 15.4 116.6 9.5 
6 
10 14.3 4.5 
15 9.5 0.7 
20 8.0 3.0 2.5 0.4 
30 8.8 1.3 
60 d 
70 
90 d 
120 
180 d 
Giilbaba 0 77.5 8.7 77.5 8.7 77.5 8.7 77.5 8.7 77.5 8.7 
6 20.1 4.9 12.0 1.7 
10 27.9 2.1 17.0 1.5 14.5 0.9 17.6 2.1 2.5 1.3 
15 16.0 1.0 3.3 2.3 
20 19.3 3.2 17.3 1.5 6.3 0.3 7.5 0.6 4.2 1.6 
30 10.1 1.9 5.3 0.6 4.3 0.6 0.8 0.3 
60 10.5 0.5 4.5 0.5 d 
70 3.2 0.8 
90 3.5 0.9 3.3 1.2 
120 3.0 0.9 d 
180 d 
<1 = overcooked, dis integrated 
x = ave rage 
s = s t a n d a r d deviat ion 
N = 3 
Tes t ing da t e s : Gii lbaba: May 1973; o ther var ie t ies : December 1972 
2.4. Comparison of instrumental and sensory hardness data 
Hardness, measured on the same samples with the Texturometer and 
by the sensory method, respectively, was compared in Fig. 6. 
I t can be seen tha t the correlation between Texturometer value and 
sensory score is not a very close one. I t is apparent , however, t h a t optimal 
sensory hardness (scores between 3.0 and 3.2) can be experienced only below 
a Texturometer hardness value of about 45. I t is also evident t h a t the instru-
Acta Alimentaria i, 1975 
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T a b l e 5 
Cooking times necessary to reduce hardness to 50 and 25%, resp., of the original 
(raw) value in potato discs (1.5 mm thickness) 
Variety 
Cooking 
temperature 
(•С) 
Cooking t ime require-
men t (min) Softening velocity 
'do •/„ '25 •/„ V50 •/„ y25 »/„ 
Désirée 85 12.0 18.0 0.080 0.06 
95 6.0 9.0 0.166 0 . 1 1 
Maryke 85 13.0 19.5 0.080 0.05 
95 5.5 7.5 0.182 0.13 
Jaer la 75 34.0 75.0 0.022 0.013 
85 11.5 17.0 0.083 0.059 
95 6.0 8.5 0.169 0.119 
Bin t je 85 1 1 . 0 17.5 0.090 0.06 
95 6.0 8.0 0.166 0.125 
Gülbaba 75 7.5 20.0 0.130 0.05 
80 6.0 9.5 0.170 0 . 1 1 
85 6.0 9.0 0.170 0.10 
90 4.0 7.5 0.250 0.13 
95 3.0 5.0 0.340 0.20 
T e s t i n g da te s : G ü l b a b a : May 1973; o the r va r i e t i e s : December 1972 
mental method is more sensitive t h a n the sensory test, as the former shows 
differences which cannot be detected by the senses. 
In Table 7 the corresponding sensory and instrumental hardness values 
are compiled for the varieties tes ted in November and May af te r cooking 
times of 0, 5, 10, 15 and 20 min at 95 °C. 
The same table also contains da ta on the cooking time requirements 
pertaining to end-points (a) of Texturometer hardness values of 30 and 45, 
respectively, as well as (b) of sensory scores 3.0 and 3.2, respectively. 
3. Conclusions 
As is well known, cooking produces profound changes in the palatabili ty 
of the potato. One of t he most apparent changes occurring during heat treat-
ment manifests itself in consistency (WOODMAN & W A R R E N , 1 9 7 2 ; R E I C H E R T & 
B I E L I G , 1 9 7 3 ) . I t is known that, a t temperatures of 5 0 — 7 0 ° C , decomposition 
2* Acta Alimentaria 4,1975 
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Tab le 6 
(?10 values of potato cooking (1.5 mm thick discs) 
Initial Texturometer 
value 
Cooking time require-
ment (min) 
Q 
Variety Cooking at Cooking times necessary to reach Cooking temperature (°C) 
75 85 95 
°C 75 85 95 85/95 75/85 
Désirée 75.0 72.5 Texturometer hardness 
value 30 
50% of original hard-
ness 
-
15.0 
12.0 
7.0 
6.0 
2.14 
2.0 
Maryke 68.3 78.8 Texturometer hardness 
value 30 
50% of original hard-
ness 
-
15.0 
13.0 
7.0 
5.5 
2.14 
2.35 
Jaerla 63.7 87.5 99.5 Texturometer hardness 
value 30 
50% of original hard-
ness 
38.0 
34.0 
15.5 
11.5 
8.0 
6.0 
1.94 
1.92 
2.45 
2.95 
Bint je 97.0 116.6 Texturometer hardness 
value 30 
50% of original hard-
ness 
-
15.5 
11.0 
8.0 
6.0 
1.96 
1.84 
Giilbaba 77.5 77.5 77.5 Texturometer hardness 
value 30 
50% of original hard-
ness 
9.5 
7.5 
7.25 
6.0 
4.0 
3.0 
1.98 
2.0 
1.30 
1.25 
T e s t i n g d a t e s : G i i l b a b a : M a y 1973; o t h e r va r ie t i e s : D e c e m b e r 1972 
of the Ca and Mg complexes of pectin, the firming agent in the middle lamella 
of the po ta to tuber, occurs. Intercellular adhesion within the tissue exe r t s 
a strong effect on the decomposition of the tissue, adhesion being a func t ion 
of the s tarch amylose, Ca, Mg and pectin contents (L INEHAN & HUGHES, 1969; 
PAULUS, 1971). According to WILLIAMS (1963), texture depends on the n u m b e r 
of cells per uni t surface, i.e., on cell size. R E E V E (1972a) showed microscopic-
ally tha t , on cooking, the originally angular (polyhedral) tissue cells assume 
a more or less " rounded-off" form and separate. Around 75 °C, gelatinization 
of starch sets in, this temperature value depending, i.a., on the size of the 
starch granule (STADLER & SCHALLER, 1972). The rigidity of gelatinized s ta rch 
differs f rom t h a t of na t ive starch, the lat ter being more resistant to pressure 
(REEVE, 1972b). Similar changes occur, bu t a t a slower rate, during s torage 
of the pota to . This is clearly shown by the da t a presented here. After prolonged 
storage (November to May), substantial decrease in cooking t ime requi rement 
could be observed. 
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Maryke Bintje 
Jaer la \ 
t n „ . Cooking time requirement November 1972
 ( m i n | p e r t a i n i n g t 0 s c o r e 
AO 3.2 
Maryke 
Jaer la 
Bintje 
Désirée Des i ree 
U . 5 13.75 
13.75 12.5 
14.0 13.5 
2 0 . 0 10.0 
-3.2 
"3.0 
4 -
3 
Maryke 
Cooking time requirement 
May 19 /3 j m | n j p e r ( a j n i n g to score 
10 12 
Maryke 
Jaer la 
Bintje 
Désirée 
Gülbaba 
>i. 3.2 
• Désirée 
v-v 
• о 
Gülbaba 
85 
10.0 
10.0 
15.0 
10.0 
Jaer la 
Gülbaba 0 5 10 15 20 
Désirée 0 5 10 15 20 
Bintje 0 5 10 15 20 
Jaer la 0 5 10 15 20 
Maryke 0 5 10 15 20 Cooking time (min) 
8.25 
9.25 
9.0 
13.25 
9.5 
Fig. 5. Sensory evaluat ion of t h e cooked s t a t e of potatoes h e a t t rea ted a t 95 °C for 
var ious periods (15 m m thick slices) 
0 01 
E 
1Л 
2 
1 -
A*xc() • 
00 
л 
X X 
S = 2 . 4 2 9 8 + 0 . 0 2 7 8 - H 
r = 0 . 5 5 5 3 
oQ 
G ü l b a b a 
B i n t j e 
D é s i r é e 
M a r y k e 
J a e r l a 
M a y N o v e m b e r 
1 9 7 3 1972 
x 
10 2 0 3 0 4 0 3 0 0 4 0 0 5 0 0 
H ( h a r d n e s s , T e x t u r o m e t e r v a l u e ) 
Fig. G. Corre la t ion of po t a to ha rdnes s d a t a as measured on 15-mm slices b y t he Text uro-
meter and by a sensory panel , respectively (May 1973) 
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By comparing cooking times necessary to reach a predetermined absolute 
hardness value (e.g. Texturomefer value 45 or 30), certain varietal differences 
could be detected. The slowest cooking rate was shown by Bint je and Désirée. 
I t is interesting to note t h a t these varieties contain comparatively small 
amounts of starch and are less mey.lv than the other varieties tested (0.M . F.I. , 
1973). 
In our experiments, the rate of cooking, as represented by the reciprocal 
of the cooking time required to reach a definite amount of change in hardness, 
и 
г- 100-
10-
0 10 20 30 40 50 60 70 
Cooking time (min) 
Fig. 7. H e a t pene t ra t ion curves measured on the surface and in t h e centre of " s m a l l ' ' 
and " l a rge" p o t a t o tubers of t h e Désirée var ie ty . A: " s m a l l " tubers , surface; — B: 
" l a r g e " tubers , surface; — G: " s m a l l " tubers , cent re ; — D: " l a r g e " tubers, cent re 
was a linear function of the temperature of heat t rea tment . The Q10 values 
of cooking between 75 and 95 °C were found to be between 1.8 and 2.9, mostly 
around 2.0, corresponding to the temperature coefficient characteristic of 
chemical reactions in general. Neither the variety, nor the length of storage 
appeared to exert appreciable influence on the Q10 value. 
I t could be shown tha t some correlation between organoleptic and instru-
mental evaluation of pota to hardness exists. Fur ther , it turned out t h a t 
sensory methods can only be used in a fairly narrow hardness range, the upper 
limit of sensory evaluation being around Texturomefer hardness values of 
50 to 60. 
From the above data , the "cooking requirement" of a given heat t reat -
2* Acta Alimentaria 4,1975 
Table 7 
Comparison of instrumental and sensory evaluation of consistency changes in potato cooking (15 mm thick slices, 95 °C) 
Variety-
Storage Bint je j Désirée Maryke j Jaerla | Glilbaba 
Cooking time (min) time i ~~ i i i i i i ~ i i 
(months) S I E | S | H | S | H | S | H | S | H 
Consistency data 
0 0 — 415.00 — 427.10 358.80 — 378.90 
6 5.0 506.60 5.0 355.00 5.0 397.50 5.0 363.70 5.0 345.0 
5 0 — 254.49 — 266.33 — 217.73 — 237.13 — 
6 4.0 42.25 3.8 25.00 4.0 33.00 3.8 19.80 3.8 33.3 
10 0 4.0 81.25 3.2 39.95 2.7 41.33 3.6 32.89 
6 3.0 19.75 3.6 14.70 2.6 8.75 3.0 9.60 3.0 12.5 
15 0 2.8 25.87 3.2 18.85 2.9 14.87 2.8 13.07 — — 
6 2.6 13.00 3.0 14.60 2.4 7.80 1.8 6.00 2.2 19.1 
20 0 2.9 13.88 3.0 10.75 3.0 9.31 2.1 11.97 
6 2.8 11.90 2.4 10.30 2.0 11.50 1.8 6.25 2.2 23.6 
To reach Cooking time requirement (min) 
Texturometer value 30 0 14.60 12.40 11.80 10.80 
6 7.75 6.75 5.50 4.25 5.50 
Texturometer value 45 0 12.80 9.70 9.60 9.50 
6 4.75 4.50 4.00 3.25 4.25 
Sensory score 3 0 14.0 20.0* 14.50 13.75 — 
6 10.0 15.0 8.50 10.00 10.0 
Sensory score 3.2 0 13.5 10.0* 13.75 12.50 — 
6 9.0 13.5 8.25 9.25 9.5 
S = average sensory score — = no t tested 
H = Texturometer hardness value * = f rom irregular curve 
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ment, applied under practical conditions of potato cooking, can be calculated 
as shown below. 
In an experiment 3 kg potato tubers of the Désirée variety and of two 
size grades ["small": average diametres: 65 mm (long axis) and 55 mm (small 
axis), resp.; average weight: 87.7 g (range: 75—98 g); and "large": average 
diametres: 82 mm (long axis) and 66 mm (small axis), resp.; average weight: 
Cooking time (min) 
Fig . 8. Calcula t ion of the cooking t ime r equ i r emen t of the 5 m m deep surface po r t i ons 
of small t ube r s a n d the centre p a r t s of large tube r s , based on the h e a t pene t ra t ion cu rves 
A and D in F ig . 7, and on t h e t empe ra tu r e dependence of cooking velocity (Curve I 
in Fig. 4). — I t can be seen t h a t a hea t ing t ime of 18.25 min suff iced t o sof ten t h e ou t -
side port ions of small tubers t o 5 0 % of their or iginal hardness, whi le i t took 29.75 m i n 
t o achieve t he s ame in the cen t re of large p o t a t o t u b e r s 
163.0 g (range: 147—172 g)] were placed in boiling water (tuber to water 
ratio 1 : 2) a n d heated for 30 min. Then the cooking water was poured off 
and the temperature on the surface (5 m m deep) and in the centre (core) of 
the tubers was measured during both the boiling and the cooling periods for 
a to ta l length of 60 min. All heat penetration measurements were performed 
on 5 tubers in each size group. The results are shown in Fig. 7. 
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F r o m Fig. 4, veloci ty of softening was compu ted for all t e m p e r a t u r e s 
occurring in t he tube r du r ing heating. I f , instead of t h e t empera tu re d a t a , 
the corresponding cooking (softening) velocities (e.g. vb0 °/0) arep lotted aga ins t 
dura t ion of hea t t r e a t m e n t , cooking t ime requi rement curves A a n d D in 
Fig. 8 are obta ined. I t can be seen t h a t hea t t r e a t m e n t requirements needed 
t o reduce hardness t o 5 0 % of its original value, are m e t a t 18.25 min of hea t -
ing in t h e 5-mm-deep sur face port ion of small t ube r s a n d at 29.75 min of 
heat ing with the core po r t ions of large tube r s , since t h e a rea below the curves 
reaches t he value of u n i t y (1.00) at these cooking t imes . 
I t is also evident t h a t , by applying t he heat t r e a t m e n t described above 
(30 min hea t ing -f- 30 min cooling), the t o t a l heat load on the tubers exceeds 
the ac tua l hea t t r e a t m e n t requirement (1.00) several t imes. From the to t a l 
areas below the two curves it can be calculated t h a t t h e surface of smal l 
tubers received a heat t r e a t m e n t 3.38 t imes larger t h a n necessary, while the 
inside of large tubers was exposed to 2.24 t imes the hea t t r ea tment require-
m e n t defined above. 
Thus, overheat ing could have been avoided by ins tantaneous forced 
cooling a f t e r 18.25 and 29.75 min, resp., or by so ad jus t i ng (reducing) the 
cooking t imes t h a t t he areas below the hea t t r e a t m e n t requirement curves, 
covering bo th the hea t ing-up and cooling-down phases, assume the va lue of 
1.00 . 
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UTILIZATION OF ALPHA-AMYLASE-SUPPLEMENTED DIET 
IN TURKEY FEEDING TESTS 
A . P Á R K Á N Y - G Y Á R F Á S 
(Rece ived April 5, 1973) 
T h e app l i cab i l i t y of a n a l p h a - a m y l a s e e n z y m e p r e p a r a t i o n of m i c r o b i a l 
origin was s t u d i e d in e x p e r i m e n t a l t u r k e y b r e e d i n g t o o b t a i n i n f o r m a t i o n o n t h e 
q u a n t i t y of e n z y m e p r e p a r a t i o n which, a d d e d t o t he feed , w o u l d br ing a b o u t 
a more f a v o u r a b l e weight g a i n a n d a b e t t e r u t i l i za t ion of t h e f e e d . 
T h e e x p e r i m e n t s w e r e carr ied o u t o n s exed hybr id t u r k e y males. 
I n t h e e x p l o r a t o r y e x p e r i m e n t s t h e a n i m a l s were g i v e n 1 000, 10 000 a n d 
20 000 S K B u n i t s , resp. , of a l p h a - a m y l a s e p e r k g of d ie t . W i t h t he e x c e p t i o n 
of t he las t e n z y m e c o n c e n t r a t i o n the a p p l i c a t i o n of t he e n z y m e p r e p a r a t i o n h a d 
a f a v o u r a b l e e f f ec t on feed u t i l i za t ion . 
I n t h e pe r iod b e t w e e n t h e age of o n e a n d 98 days , t h e q u a n t i t y of f e e d 
needed for a w e i g h t gain of 1 k g was r e d u c e d b y enzyme a d d i t i o n . As c o m p a r e d 
t o t h e v a l u e of 3.10 kg n e e d e d b y the c o n t r o l group, e n z y m e s u p p l e m e n t a t i o n 
a t a r a t e of 1 000 and 10 000 S K B U k g - 1 r educed th is f e e d r e q u i r e m e n t b y 
9 % (to 2.82 kg) and by 1 4 % ( to 2.67 kg) , r e s p . (Table 3). 
H e n c e , t h e e x p e r i m e n t s were c o n t i n u e d b y r e p e a t e d l y a d m i n i s t e r i n g t o 
t h e an imals f e e d s s u p p l e m e n t e d w i t h 1 000 a n d 10 000 S K B u n i t s , resp. , of a l p h a -
amylase p e r k g of feed. Of t h e die ts wi th t w o d i f fe ren t e n z y m e c o n c e n t r a t i o n s , 
t h e one c o n t a i n i n g 10 000 S K B un i t s of a l p h a - a m y l a s e per k g of feed was f o u n d 
t o be t h e m o r e f avourab le . 
As c o m p a r e d t o t h e c o n t r o l group, i n c r e a s e in body w e i g h t of 86-day-o ld 
an ima l s fed e n z y m e s u p p l e m e n t e d diet, w a s 3 . 6 % higher (3 605 g and 3 480 g , 
resp. , s i g n i f i c a n t a t the p r o b a b i l i t y level of 9 5 % ) , while feed e f f ic iency w a s i m -
proved b y 4 % (2.38 and 2.48 k g per kg b o d y weight , r e sp . , s ign i f i can t a t t h e 
p robab i l i t y l eve l of 7 5 % ; F i g s . 3 and 6). 
T h e e x p e r i m e n t a l r e s u l t s (Table 3 a n d F i g . 2) ind ica te t h a t i t is a d v i s a b l e 
t o consider t h e age of t h e a n i m a l in se lec t ing t h e proper e n z y m e c o n c e n t r a t i o n . 
Beside f eed ing w i t h t he s a m e e n z y m e c o n c e n t r a t i o n i t seems n e c e s s a r y to inves t ig -
a t e t he e f f e c t of feeds w i t h g r a d u a l l y ra ised e n z y m e a c t i v i t y a n d to d e t e r m i n e 
t h e o p t i m u m e n z y m e c o n c e n t r a t i o n in t h e d i f f e r e n t per iods of breeding. 
Utilization of the various components of a diet in t h e digestive t r a c t 
of the turkey involves highly complex enzymatic processes. 
In the case of carbohydrates this means a degradation, as a result of 
which the products of hydrolysis, primarily s ta rch derivatives, become water-
soluble, so that , by being resorbed through t he mucous membrane, they m a y 
reach circulation and can be utilized. 
Degradation of starch in t he diet is performed by 
— the animal 's own amylolytic enzymes; 
— the enzymes in the feed; 
— and, presumably, the enzyme system of the microflora introduced 
with the feed. 
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There is but little known about the amylolytic enzymes in the digestive 
tract of the turkey. In the saliva, amylase has been detected which displays 
its action in the crop (MÉSZÁROS, 1 9 6 6 ) . The enzyme activity of the crop's 
own secretion is a mat ter of contention ( K E M É N Y , 1 9 6 6 ) . 
The wheat, barley and oat used as feed have a beta-amylase activity 
and also a slight alpha-amylase activity ( G R E E N W O O D & M I L N E , 1 9 6 8 ) . The 
alpha-amylase activity of maize is known ( K O Z M I N A & K R E T O V I C S , 1 9 5 2 ) . 
Although soybean meal does contain starch- liquefying enzyme ( L E A R M O N T H & 
W OOD, I 9 6 0 ) , the activity of the latter decreases depending on extraction and 
heat t rea tment . The p H of about 6 . 0 in the crop ( S Z É P & SZEGEDI , 1 9 6 3 ) is 
almost optimal for the act ivi ty of alpha-amylase of p lant origin, but , due to 
the low enzyme concentrations, their amylolytic effect is not significant.From 
the crop the feed passes through the glandular s tomach (pH 4.7) into the 
muscular stomach where the p H is 2 . 2 (MÉSZÁROS, 1 9 6 6 ) . 
Below p H 5.0 the alpha-amylases of plant origin are rapidly and irre-
versibly inactivated ( G R E E N W O O D & M I L N E , 1 9 6 8 ) , so t h a t it can be assumed 
tha t in the middle and lower intestines they do not part icipate in the fur ther 
degradation of the feed. The feed passing from the muscular s tomach into 
the intestinal t ract is hydrolyzed there a t p H 5.6 to 6.8 by the amylases of the 
intestinal secretion and of the pancreas. 
In vitro it is possible to enhance the decomposition of starch in the diet 
by the addition of alpha-amylase enzyme preparations ( P Á R K Á N Y & H E R -
MANN, 1 9 6 9 ) . If alpha-amylase of microbial origin is added to the diet used 
for breeding turkeys, enzyme concentration in the crop is being raised simul-
taneously. This, presumably, improves the hydrolysis of starch there. Since 
the opt imum p H of bacterial alpha-amylase is 6 . 0 ( M O R O et ál., 1 9 6 3 ; W H I S T -
LER & P A S C H A L L , 1 9 6 5 ) , p H conditions in the crop are favourable for the 
microbial enzyme preparation, too. Apar t from amylases of animal origin, 
the transport of microbial alpha-amylase in the intestinal system and its hydro-
lyzing effect might depend on its possible deactivation in the muscular stom-
ach. 
Supplementation of the diet administered to turkeys with alpha-amylase 
of bacterial origin has been found advantageous for animals between the age 
of one day and three to four weeks ( M O R A N & M C G I N N I S , 1 9 6 8 ) , while at the 
age of eight to 20 weeks, the enzyme preparation had no effect (MORAN & 
M C G I N N I S , 1 9 6 6 ) . 
Taking into consideration the aforesaid, we set ourselves the target to 
investigate 
the possibilities of applying enzyme preparations of microbial origin 
in breeding turkeys; 
— fur ther , to obtain information on the enzyme concentration to be 
added to diets. 
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1. Materials and methods 
1.1. Materials 
1.1.1. Animals. The experiments were carried out with sexed hybrid 
turkey males bred by the Poultry Research Institute at Gödöllő (Hungary). 
The animals were marked on their wings. 
1.1.2. Diets. In the course of the experiments two types of diet of dif-
ferent composition were given to the animals. From the age of one day to 
tha t of 28 days they were administered so-called initiating turkey diet, from 
the age of 29 to 98 or 84 days, i.e., up to the end of the experiment, they were 
fed breeding turkey diet. In all series of experiments the diet was prepared 
from the same base material. Grained products were comminuted with the 
hammer mill type D-24 (rpm 2 960). The components and the enzyme pre-
paration were mixed on the homogenizer type Agrostroj Galanta, Czecho-
slovakia. Homogeneous distribution of the enzyme preparation was checked 
by determination of the enzyme concentration of samples of the ready diets. 
The components of the diets are shown in Table 1. 
Table 1 
Composition of initiating and breeding turkey diets 
Components of diet 
Initiating diet, Breeding diet, 
Maize 41.00 30.00 
Barley 4.00 
— 
Oat 3.00 
— 
Wheat — 28.50 
Wheat bran 3.50 
Extracted soybean meal 22.00 25.00 
Alfalfa meal 5.00 — 
Milk powder 2.00 
— 
Fish meal (70% protein) 12.00 10.00 
Animal feeding yeast 3.00 1.00 
Diealcium phosphate 0.50 1.75 
Feeding limestone 2.00 1.50 
Feeding salt 0.40 0.25 
Vitamin premix 1.00 1.00 
Mineral premix 0.60 1.00 
Total, % 100.00 100.00 
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1.1.3. The enzyme preparation. A powdered preparation of Bacillus sub-
tilis origin, Bakterie Amylase Novo 264, manufactured in Denmark, was used 
in the experiments. The optimum p H of the enzyme preparation was between 
5.7 and 7.0, its opt imum temperature between 70 and85°C. The preparation 
kept its activity in the p H range between 3.0 and 10.0 (as quoted from the 
leaflet of the manufacturing firm). 
1.2. Methods 
1.2.1. Breeding conditions. After sexing, the 1-day-old turkeys were 
transferred to the brooding house. Breeding conditions were the same in all 
three experiments, bu t the tests were carried out in different brooding houses 
and at different times. In the f irst series four compartments of a large multi-
compartment brooding house were included in the test, while for the second 
and third experiment 16 compartments were made use of. The density of the 
stock was five animals per square meter. 
A brooder stove with parabolic mirror was placed into each compart-
ment . In the first 14 days the brooder stove was fenced off to ensure tha t 
the young animals stay only in the heat-irradiated area. Programming of 
temperature and of illumination in the period of growing are given in Table 2. 
Table 2 
Programming of temperature and of illumination 
in the various periods of breeding 
Temperature 
Room 
temperature 
CO) 
Illumination 
Time 
(days) 
under the 
brooder stove 
CO) hours 
light 
intensity 
( W m ~ ! ) 
0 — 7 3 5 — 3 7 2 6 2 4 3 
8 — 1 4 3 3 2 4 2 2 2 
15 2 1 3 0 22 17 2 
2 2 - 2 8 2 7 2 2 17 2 
2 9 — 3 5 — 2 2 17 2 
3 6 - 4 2 2 0 17 2 
From the sixth week up to the end of the experiment the temperature 
and illumination of the brooding house was the same. 
Ventilation was provided for the age group of 1 to 56 days by 5.5 m3, 
for the age group of 56 to 84 days by 7.5 m3 air per hour per 1 kg of body 
weight. 
In the first experiment the breeding period lasted from the age of one 
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day to tha t of 98 days, in the next two experiments from the age of one day 
to tha t of 84 days. 
During the experiment the turkeys consumed diet ad libitum. 
1.2.2. Data processing. Weight gain and feed consumption were checked, 
the first by weighing each group every fortnight and each individual at the 
end of the experiment, the second was determined every fortnight for each 
group. 
From the experimental da ta the 
— average body weight 
and specific feed utilization of the animals were obtained by calcu-
lation. 
Specific feed utilization is defined as the quanti ty of diet used up for 
the production of 1 kg of body weight and was always calculated from the 
age of one day up to the end of the experiment. 
1.2.3. Determination of alpha-amylase concentration. The concentration 
of bacterial alpha-amylase in the enzyme preparation, used throughout the 
experiments and in the diet administered to the animals, was determined by 
Wohlgemuth's method as modified by S A N D S T E D T and his co-workers ( S A N D -
S T E D T et al., 1939) and expressed in SKB units. 
1.2.4. Mathematical-statistical processing of experimental data. Body 
weight and feed consumption of animals bred on feeds of various enzyme 
concentrations were compared by means of Student's t test to the correspond-
ing da ta of stock kept on enzyme-free diet. 
Because of the fairly great scattering of experimental data, differences 
between the arithmetical average of the control group and of the group fed 
on enzyme-containing feed, were evaluated at the 75% probability level, too. 
In addition, when evaluating individual body weight data at the end 
of the experiment, the empirical and theoretical frequency distributions in 
the respective groups kept on enzyme-free diet and on diet containing 10 000 
SKB units per kg were compared by graphical fitting. 
2. Resuti 
2.1. Preliminary experiment 
In the experiment designed to furnish preliminary information, 200 one-
day-old turkeys of 55 g starting weight were divided into four groups. One 
group was given enzyme-free feed, while to the feed of the other three groups 
1 000, 10 000 and 20 000 SKB units, resp., of microbial alpha-amylase per kg 
of feed were mixed. 
Average body weight of the turkeys and amounts of diets needed for 
a 1-kg gain during the period of breeding are shown in Table 3. 
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T a b l e 3 
Average body weight and specific feed utilization of turkeys kept on feeds of enzyme-free diet 
and of different enzyme concentrations 
-pj^jg I Bacterium alpha-amylase concentration in the feed (in SKB units per kg) 
of 
weigh- 0 1 000 10 000 20 000 
ing, 
days A В A В A 
в 
A 
В 
1st 55 — 55 55 55 — 
14th 239 1.43 234 1.27 239 1.31 239 1.28 
28th 541 1.96 539 1.89 549 1.66 532 1.92 
42nd 1 178 1.97 1 124 1.99 1093 1.88 1 177 1.98 
56th 1 764 2.42 1 765 2.00 1 800 1.97 1 839 2.21 
70th 2 823 2.48 2 825 2.18 2 893 2.13 2 929 2.32 
84 t h 3 882 2.71 3 919 2.47 3 872 2.50 3 832 2.79 
98th 4 830 3.10 4 800 2.82 4 739 2.67 4 800 3.26 
A = ave rage b o d y we igh t in g 
В = feed c o n s u m p t i o n pe r 1 k g b o d y we igh t in k g k g - 1 
B a t c h n u m b e r of t h e e n z y m e p r e p a r a t i o n : 1067 
E a c h g r o u p c o n t a i n e d 50 sexed t u r k e y m a l e s 
According to the data of Table 3, a t the end of the breeding period the 
average body weight of all three enzyme-fed groups was 30 to 90 g less than 
t h a t of the control group. The difference between the average body weight 
of t he control group and of the enzyme-fed groups was not significant. 
Comparison of the respective effects of enzyme-free and enzyme-supple-
mented diet showed no improvement of growth by alpha-amylase, although 
feed efficiency was increased. 
Turkeys bred on diet containing 1 000 and 10 000 units, resp., of bac-
terial alpha-amylase needed less feed for the production of 1 kg of body weight 
during the entire period of breeding from the age of one day to the t ime of 
each weighing than the control animals bred on enzyme-free feed. 
At the end of the breeding period, i.e., at the age of 98 days, the experi-
mental animals have consumed 280 g (or 9%) and 430 g (or 14%) less feed 
for the production of one kilogram of body weight than the control group. 
The group given 20 000 uni t s of enzyme per kg of feed, on the other 
hand, needed 160 g (or 5%) more feed than the control group for the produc-
tion of 1 kg of body weight. Since the da ta were obtained for groups of animals, 
it was not possible to evaluate significance of differences in feed utilization 
mathematical ly. 
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2.2. Experiments with diet containing 1 000 8KB units of alpha-amylase per kg 
Starting from the results of the preliminary experiments, the next tests 
were carried out by giving 8 groups of turkeys diet without enzyme and 
8 groups diet containing 1 000 SKB units per kg. There were 65 animals in 
Average body weight: 
enzyme- f ree diet enzyme-supplemented diet 
70th day 2 974 g 2 997 g 
84,h day 3 924 g 3 993* g 
1 
о 
о 
m 
о 
< 
er UJ § 
Fig. 1. W e i g h t gain in t he various groups of tu rkeys , kep t on enzyme-f ree diet and on 
feed conta ining bacter ia l a lpha-amylase , resp. Ba t ch n u m b e r of the e n z y m e prepara t ion : 
1 067. E a c h g roup consisted of 65 sexed, 1-day-old tu rkey males. 0 : I ' < 75% 
each group, thus a total of 1 040 one-day-old birds of 55 g average body 
weight were included in the experiment. 
The breeding parameters of the stock kept for 84 days were also checked 
every fortnight. 
Up to the age of 42 to 56 days, the average body weights in the groups 
kept on two different diets were almost the same, hence in Fig. 1 only the 
results of the body weight determinations of the 70- and 84-day-old animals 
are shown, resp. 
The average body weights of the control groups were lower both at t he 
age of 70 and of 84 days than the body weights of animals bred on enzyme-
containing diet. At the age of 70 days the average body weight of the stock 
kept on alpha-amylase-containing diet was 23 g higher (2 997 g instead of 
/ 
/ 
/ / 
/ 
/ / 
/ 
/ / 
/ 
/ / 
/ 
/ / 
/ 
/ / 
/ 
/ / 
1 000 SKB и kg -1 4 200 
4 000 
3_800_ 
3 J 0 0 
3^00 
3 200 
3 000 
2 800 
Enzyme- f ree diet 
I 
U 051 
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2 974 g), a t the age of 84 days 69 g higher (3 993 g instead of 3 924 g) than the 
average body weight of animals fed with enzyme-free feed. 
The average specific feed utilization of the groups kept on different diets 
at the various times of weighing are summarized in Fig. 2. I t appears from 
the histograms that , with the exception of 56- and 70-day-old animals, those 
kept on enzyme-containing diet utilize their feed more efficiently than the 
control group. By the end of the experiment 100 g less of the enzyme-con-
taining feed was required for the production of 1 kg of body weight than 
of the cont ro l feed (2.46 kg instead of 2.56 kg). 
Fig. 2. Specif ic feed ut i l iza t ion in the va r ious groups of t u rkeys , kep t on enzyme-f ree 
and on bac ter ia l a lpha-amylase-conta in ing d ie t , resp. B a t c h number of t h e enzyme 
p repa ra t ion : 1 067. Each g r o u p consisted of 65 sexed, 1-day-old tu rkey males . Tota l 
number of animals a t t h e end of the e x p e r i m e n t : 453 a n d 501, resp. *: P 75% 
Though the favourable effect of bacterial alpha-amylase is also manifest 
in the breeding parameters (average body weight, feed utilization) of the 84-
day-old turkeys kept on feed containing 1000 SKB units per kg, this cannot 
be confirmed by mathematical-statistical calculations. 
2.3. Experiments with diet containing 10 000 SKB units of alpha-amylase per kg 
In the third experiment enzyme concentration was raised to 10 000 SKB 
units per kg. The test involved again 8 groups of 45 turkeys each for the 
enzyme-free diet and similar eight groups for feeding a diet containing 10 000 
SKB units of enzyme per kg. 
Similarly to the preceding experiment, the average body weights deter-
mined on the 70- and 84-day-old stock are presented graphically (Fig. 3). 
Enzyme- f r e e 
diet 
1 000 SKB 
U kg"1 
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The da t a of group tests demonstra te the higher weight gain in the 
enzyme-fed group as compared to the control group, both a t the age of 70 and 
of 84 days. 
Average body weight : 
e n z y m e - f r e e diet enzyme - supplemented 
70 l h day 2 658 g 2 759 g 
84th day 3 480 g 3 605" g 
з: 
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Fig. 3. W e i g h t gain in t he var ious groups of turkeys , k e p t on enzyme-free d ie t a n d 
on bacter ia l a lpha-amylase-conta in ing feed, resp . Batch n u m b e r of enzyme p r e p a r a t i o n : 
1 212. E a c h group consisted of 45 sexed, 1-day-old t u r k e y males . *: P > 9 5 % 
Fig. 4. F i t t i n g of empirical f r e q u e n c y d is t r ibu t ion of weights of t u r k e y s bred on enzyme-
f ree feed, t o t h e normal d i s t r ibu t ion ."Maximum of the normal d i s t r ibu t ion : 48.0 an imals . 
Average b o d y weight calculated f r o m the n o r m a l dis t r ibut ion: 3 511.0 g. Mean dev ia t ion 
calculated f r o m the n o r m a l d i s t r ibu t ion : 398.0 g. N u m b e r of individuals : 319 
Enzyme- free diet 10 000 SKB U kg"1 
I 
634 
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Compared to the animals kept on the control diet, a t the age of 70 days 
the average body weights in the 8 enzyme-fed groups were 100 g higher (2 758 
instead of 2 658 g), at the age of 84 days 125 g higher (3 605 instead of 3 480 g) 
than the average body weights of the 8 control groups. The 3 . 6 % excess weight 
of the 8 enzyme-fed groups over the average weights of the 8 groups kept on 
enzvme-free diet is significant a t the 95 % level of probabil i ty . 
Classifying the individual body weight da t a of the stocks kept on two 
types of diets a t the age of 84 days into groups, their respective empirical 
frequency distributions did no t show significant deviations f rom the normal 
distribution. 
Figs. 4 and 5 illustrate graphically the f i t t ing to the normal distribution 
of the empirical frequency distribution of body weights of the stock kept on 
enzyme-free feed and on feed containing 10 000 SKB uni t s of enzyme per 
kg, resj). 
Average specific feed utilization in t he groups kept on different diets 
is shown in Fig. 6. 
The favourable effect of the application of alpha-amylase on specific 
feed utilization is apparent a t the age of 70 and 84 days, resp. 
Compared to the tu rkeys bred on enzvme-free feed, the animals given 
enzyme-containing feed up to 84 days needed 100 g less feed for the produc-
tion of 1 kg of body weight (2.38 kg instead of 2.48 kg) and 70 g less feed f rom 
the age of one day to the age of 70 days. A 4 % saving in feed is ensured a t 
the 75% probabil i ty level. 
Fig. 5. F i t t i ng of empirical f r e q u e n c y d is t r ibut ion of weights of tu rkeys , bred on bac-
terial a lpha-amylase-conta in ing feed, to the n o r m a l d is t r ibut ion . E n z y m e concent ra t ion 
10 000 S K B un i t s per kg of feed . Maximum of t he normal d i s t r ibu t ion : 48.7 animals . 
Average body weight ca lcula ted f r o m normal d i s t r ibu t ion : 3 623.0 g. Mean devia t ion 
calculated f r o m normal d i s t r ibu t ion : 384.0 g. N u m b e r of individuals: 313 
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Fig. 6. Specific feed ut i l izat ion of turkeys , b red on enzyme-f ree d ie t and on bac t e r i a l 
a lpha-amylase-conta in ing feed, resp. Ba t ch n u m b e r of enzyme prepara t ion : 1 212. To ta l 
n u m b e r of 84-day-old animals : 319 a n d 313, resp. *: P 75% 
The exper iments described were a imed a t p romot ing the degrada t ion 
of s ta rch in the diet b y the application of a lpha-amylase of bacterial origin. 
An explora tory exper iment indicated a favourable effect of feeds con-
ta ining 1 000 and 10 000 S K B uni ts of enzyme per kg on the ut i l izat ion of 
the feed. F r o m the age of one day up t o t h e age of 98 days 9 % and 14%, resp. 
less a lpha-amylase-supplemented feed was needed for t he production of 1 kg 
of body weight t h a n of t he feed containing no enzyme. Breeding p a r a m e t e r s 
were less favourable when the feed conta ined 20 000 S K B units of e n z y m e 
per kg (Table 3). 
Consequently, in t h e next exper iments diets were repeatedly used which 
conta ined 1 000 and 10 000 S K B uni t s per kg, resp., f r o m the age of one d a y 
up to t h e age of 84 days . 
The weight surplus of turkeys bred on feed containing per kg 1 000 S K B . 
uni ts of a lpha-amylase was not more t h a n 2 % . When using feed w i th an 
enzyme concentra t ion of 10 000 S K B uni t s per kg, t he weight surplus com-
pared to t h e control group was 3 .6%, conf i rmed on t he 9 5 % probabi l i ty level 
(Figs. 1 a n d 3). 
F r o m the age of one day up to the age of 84 days t he specific feed ut i l iza-
tion was by 4 % more favourable both for feeds containing| 1000 and 10 000 S K B . 
Because of the excessive scat ter ing of the results, th i s 4 % saving in feed 
per kg of body weight for the groups kept on feed supplemented with 1 000 SK В 
uni ts of a lpha-amylase per kg could no t he conf i rmed by ma themat i ca l -
Enzyme- f ree 
diet 
10 000 SKB 
U kg"1 
3. Conclusions 
3 Acta Alimentaria 4, 1975 
3 4 PÁRKÁNY-GYÁRFÁS: EFFECT OF ALPHA-AMYLASE ON FEED UTILIZATION OF TÜRKE YS 
statistical methods . The be t te r feed utilization obtained by using 10 000 S K B 
units of alpha-amylase per kg proved significant at the 75 % probabili ty level 
as compared t o the control group. 
In the experiments carried out so far, a more favourable change in breed-
ing parameters was found when the diet contained alpha-amylase in the con-
centration of 10 000 SKB uni t s per kg. I t mus t , however, be added t h a t t he 
feed contained t he same amoun t of enzyme during the entire period of each 
experiment. P a r t of the results seems to indicate tha t it might be possible 
to reduce the quan t i ty of the enzyme preparat ion in the first half of the breed-
ing period. Apparent ly , for t he young growing birds it might be superf luous 
to add larger quantit ies of alpha-amylase to the feed. 
In the f i r s t half of the breeding period the turkeys were able to make 
good use of t he feed with lower enzyme concentration (1 000 SKB units per 
kg) for body weight building. 
According to the da ta of the first experiment , from the age of one day 
up to the age of 56 days, the administrat ion of the enzyme preparat ion helped 
to reduce t he feed needed for the product ion of 1 kg of body weight f rom 
2.42 kg to 2.00 kg (Table 3). Even af ter t he age of 56 days the utilization of 
feed containing alpha-amylase was more favourable than t h a t of the control 
feed. At the age of 98 days 9 % less was needed from the feed containing the 
enzyme prepara t ion than f r o m tha t wi thout enzyme for the production of 
1 kg of body weight. 
In the following experiment, when t he feed contained again 1 000 S K B 
units per kg, with the exception of the weights on the 56th and 70th day, 
a better uti l ization of the feed was observed f rom the 28th day on wards (Fig .2). 
From the age of one day u p to the age of 42 days 3.8% less alpha-amylase-
containing feed than enzyme-free feed was needed for the production of 1 kg 
of body weight (1.77 kg instead of 1.84 kg). At the end of the experiment 
the use of t h e enzyme preparat ion reduced specific feed utilization by 4 % . 
The average body weights of tu rkeys kept on the two different diets 
(Figs. 1 and 3) show tha t even when more alpba-amvlase (10 000 SKB uni ts 
per kg) is added to the feed, in the second half of the breeding period, f rom 
the age of 70 days , the body weight of the s tock was 100 g and later even 125 g 
higher than t h a t of the control stock. 
In the f i rs t half of the breeding period the addition of the enzyme pre-
paration to t he feed had a favourable effect not so much on body weight as 
on specific feed utilization. 
I t seems advisable in forthcoming experiments to consider the age of 
the stock and t o increase accordingly and gradually the enzyme content of the 
feed during t h e breeding period. 
Fur the r experiments might contribute to the elaboration of a technology 
whereby enzyme preparations of microbial origin are added to the feed of 
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t u rkeys as well as to t he de te rmina t ion of the op t imum enzyme concentrat ion 
a t t he beginning and dur ing breeding. 
* 
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Poultry Research Institute (Gödöllő) a n d t o D r . M. PERÉNYI, Senior Sc ien t i s t of t he 
s a m e i n s t i t u t e for the i r v a l u a b l e he lp in t h e p e r f o r m a n c e of t h e e x p e r i m e n t s . T h a n k s are 
also d u e t o D r . K . M I H Á L Y I , Miss A. H E R M A N N a n d Miss P . C S E P R E G I of t h e Central 
Food Research Institute f o r t h e i r c o n t r i b u t i o n t o t h e e x p e r i m e n t a l work . 
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FACTORS AFFECTING MEASUREMENT OF GLUCOSE 
OXIDASE ACTIVITY OF COMMERCIAL ENZYME 
PREPARATIONS 
K . ZETELAKI-HORVÁTH a n d K . VAS 
(Rece ived M a y 9, 1973) 
E x a m i n a t i o n of t h e e n z y m e - c a t a l y z e d reac t ion l e a d i n g f r o m glucose t o 
g lucon ic ac id , showed t h a t , w i t h a glucose ox ida se (GO; E .C. 1.1.3.4.) p r e p a r a t i o n 
( K É K I N o . 1), increas ing t h e s u b s t r a t e c o n c e n t r a t i o n u p t o 0 .1 M , increases t h e 
r e a c t i o n r a t e cons iderab ly . B e t w e e n glucose concen t r a t i ons of 0 .1 and 1.0 M , 
h o w e v e r , t h i s response is r a t h e r s luggish. T h e v a l u e of t he Michaelis c o n s t a n t w a s 
m e a s u r e d w i t h t h r ee H u n g a r i a n p r e p a r a t i o n s a n d found t o b e 0 .0186, 0.0099 a n d 
0.0122 M , resp . F o r p r a c t i c a l a c t i v i t y m e a s u r e m e n t , g lucose c o n c e n t r a t i o n s 
b e t w e e n 0.15 — 0.20 M (3 — 4 % glucose m o n o h y d r a t e ) a p p e a r e d t o be s u i t a b l e . 
I t w a s observed t h a t , w i t h d i f f e ren t commerc i a l GO p r e p a r a t i o n s , t h e co r -
r e l a t i on b e t w e e n ac t i v i t y v a l u e s as expressed in Sarrette un i t s ( S U ) , a n d the k i n e t i c 
u n i t s r e c o m m e n d e d b y t h e I U B as expressed in /miolo m i n - 1 , is ve ry poor . 
I n o r d e r t o f ind t h e e x p l a n a t i o n for t h i s inconsis tency, t h e role of t he u s u a l 
ca t a l a se " c o n t a m i n a t i o n " of commerc i a l GO p r e p a r a t i o n s w a s f i r s t s tudied . W i t h 
excep t ions , p r e p a r a t i o n s of h i g h e r c a t a l a s e : GO ra t io a p p e a r e d t o be be t t e r c a t a -
lys ts of g lucose convers ion a t t h e s ame SU level . Addi t ion of v a r i o u s (liver, b a c -
ter ia l , f u n g a l ) ca ta lase p r e p a r a t i o n s t o t h e r e a c t i o n m i x t u r e a t s eve ra l c o n c e n t r a -
t ion levels showed t h a t t h e r a t e of g luconic ac id fo rma t ion is s t r o n g l y e n h a n c e d 
b y c a t a l a s e p r e p a r a t i o n s of f u n g a l origin, whi le l iver or b a c t e r i a l ca ta lases w e r e 
less e f f ec t ive . 
F u r t h e r , it was f o u n d t h a t t h e r a t e of t h e above reac t ion cou ld be dec reased 
b y t h e a d d i t i o n of t h e p r o d u c t s of t he r e a c t i o n , i.e., H 2 0 2 o r <5-gluconolactone. 
T h e i n h i b i t o r y e f fec t of á -g lucono lac tone is less t h a n t h a t f o u n d in t he case of 
H202 . 
Glucose oxidase is an enzyme often used in the food indus t ry as an addi -
tive to food products and beverages. (BARTON et ál., 1 9 5 7 ; OHLMEYER, 1 9 5 7 ) . 
The enzyme is a specific reagent for detecting glucose. I t is widely used in 
medical laboratories for the examination of the glucose content of blood a n d 
urine (FROESCH & RENOLD, 1 9 5 6 ) and also in various laboratories to de termine 
the glucose concentration of sugar syrups containing several kinds of sugar 
(WHISTLER et ál., 1 9 5 3 ) . 
The l i terature contains many da ta on t he properties, mode of act ion 
(COULTHARD et al., 1 9 4 5 ; K E I L I N & H A R T R E E , 1 9 4 8 , 1952 ; K U S A I et ed., 1 9 6 0 ; 
HLAING et al., 1 9 6 1 ; PAZUR & K L E P P E , 1 9 6 4 ) and the s t ructure of this enzyme 
( K U S A I et al., 1 9 6 0 ; BODMANN & W A L T E R , 1 9 6 5 ; SWOBODA & MASSEY, 1 9 6 5 ; 
NAKAMURA & F U J I K I , 1 9 6 8 ; YOSHIMURA & ISEMURA, 1 9 7 1 ) . 
I n the present paper the glucose oxidation rates of three glucose oxidase 
preparations, products of different firms, were compared wi th the enzyme 
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preparations produced in our Institute. The effects of substrate concentration 
and of enzyme concentration, on the reaction rate of glucose oxidation have 
been examined. Product inhibition was also studied. 
The effect of catalase preparations on the rate of the reaction catalysed 
by glucose oxidase has similarly been tested. 
I t was finally a t t empted to clarify the differences between results of 
activity measurements based on the tradit ional concepts and on the kinetic 
method advocated by the I d l b . respectively. 
1. Materials and methods 
1.1. Assay of glucose oxidase activity 
The activity of glucose oxidase has been measured by titrimetric deter-
mination of gluconic acid formed from glucose by the enzyme ( U N D E R K O F L E R , 
1958; PROSZT, 1963). 
For the examinations 3% glucose dissolved in acetate buffer, p H 5.1, 
was used as a substrate. The determinations were carried out in 500-ml Erlen-
meyer flasks. The volume of the reaction mixture was 29 ml (substrate: 25 ml, 
plus enzyme solution, ad jus ted to 29 ml with distilled water). The reaction 
mixtures were aerated on a rotary shaker (rpm: 330; s t roke: 20 mm; 0 2 supply: 
19 mmole l - 1 h - 1 determined by the method of C O O P E R and his co-workers 
(1944); temperature: 28°C) for 2.5 hours. The action of the enzyme was follow-
ed by ti trimetric determination of gluconic acid in three parallels. 
Reaction mixtures containing heat-inactivated enzyme were used as the 
blanks. At the end of t he reaction period the reaction was stopped by the addi-
tion of measured amounts of 0.1 N NaOH. The excess alkali was t i t ra ted with 
0.05 N HCl. From the quant i ty of hydrochloric acid consumed, the amount 
of gluconic acid was calculated and the results were given in micromoles. 
The enzyme act ivi ty stated in the traditional Sarrette units was deter-
mined according to the following formula: 
[blank (0.05 N HCl ml) — sample (0.05 N HCl)] • 1.5. 
1.5 is a factor, with the use of which the results obtained by the titri-
metric method can be converted into Sarrette units as determined mano-
metrically. 
Sarrette unit (SU): this is the amount of enzyme tha t can cause an 0 2 
uptake of 10 mm3 m i n - 1 , in a Warburg manometer a t a temperature of 30°C. 
For the kinetic examinations gluconic acid content of the reaction mix-
tures was determined by the titrimetric method at 30-minute intervals for 
4 hours. 
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The enzyme preparations used for the kinetic examinations were com-
pared on the basis of their reaction rate (pmole gluconic acid per minute) 
calculated from the linear par t of the reaction curve. 
1.2. Assay of catalase activity 
The activity of catalase was determined by the method of Baker (in: 
S C O T T & H A M M E R , 1 9 6 0 ) . The unit ( B U ) of enzyme activity is the amount 
of enzyme which decomposes 2 6 4 mg of H 2 0 2 under specific circumstances. 
The ratio of catalase to glucose oxidase activity was expressed by the 
R value, the rat io of Baker units and Sarrette units (R = BU/SU). 
1.3. Glucose oxidase preparations used 
(a) SIGMA (II) preparation (14 700 SU g" 1 ; 2 440 BU g - 1 ) ; 
(b) MERCK (10 000) preparation (15 096 SU g" 1 ; 4 280 BU g" 1 ) ; 
(c) NBC (1 500) preparation (1 500 SU g " 1 ; 120 BU g" 1 ) ; 
(d) Preparat ions of the Enzyme Pilot P lan t of the Central Food Research 
Institute ( K É K I ) Budapest ( Z E T E L A K I , 1 9 6 6 , 1 9 6 9 ; M O R V A I N É & 
V Á M O S N É , 1 9 6 9 ) . 
The enzymes were produced in submerged culture by an Aspergillus 
niger strain in 100-liter stainless steel fermentors (agitation: 300 rpm; aera-
t ion: one Ы - 1 m i n o x y g e n dissolution rate: 85 mmole 0 2 1 _ 1 h - 1 ; media, 
cultivation conditions and preparation of the enzymes are given in previous 
papers ( Z E T E L A K I & V A S , 1968; Z E T E L A K I , 1969). After extraction of the 
enzyme from the culture fi l trate, the crude enzyme preparations were precipit-
ated with isopropyl alcohol. Their designation and characteristics are enumer-
ated below: 
K É K 1 No. 1 
K É K I N o . 3 
K É K I N o . 5 
K É K I N o . 8 
K É K I GT. (purified) 
K É K I N o . 7 2 / 9 
K É K I N o . 7 2 / 1 0 
5000 SU g -
7190 SU g " 
1300 SU g -
13000 SU g -
37 200 SU g " 
6 400 SU g -
5 800 SU s~ 
500 BU g " 1  
900 BU g - 1  
160 BU g - 1  
300 BU g " 1  
0 BU g - 1  
1 400 BU g " 1  
1 400 BU g - ] 
1.4. Catalase preparations used 
Liver catalase (SIGMA C-10) 12 000 BU g " 1 
Bacterial catalase (MERCK) 8 000 BU g " 1 
Penicillium catalase [Ukr.N.I.I .S.L.P. (Ukrainian Scientific Research 
Inst i tute of the Distilling and Liqueur Industry) Kiev] 10 000 B U g - 1 
Aspergillus catalase [U.V.U.P.P. (Central Food Research Ins t i tu te , 
Prague)] 200 BU g " 1 
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2. Results 
2.1. The effect of concentration of substrate on the reaction rate 
In the course of our work the effect of substrate concentration (0.025, 
0.05, 0.1, 0.2 and 1.0 M) on the glucose oxidation rate of the glucose oxidase 
preparation K É K I No. 1 (specific activities: 5 000 SU g - 1 and 500 BU g _ 1 ; 
R = 0.100) was investigated. The concentration of the enzyme preparation 
in the reaction mixtures was 0.038 mg m l - 1 , while activities of the reaction 
mixtures were 0.190 SU m l - 1 and 0.019 BU m l - 1 , resp. The reaction was 
followed for 240 min. The glucose conversion of the above preparation a t 
various substrate concentrations was plot ted against the reaction t ime in 
Fig. 1. The reaction rates for different substrate concentrations were calculated 
by regression analysis f rom the linear par t of the curves. The reciprocals of 
the reaction rates were plotted as functions of the reciprocal of substrate con-
centration in Fig. 2. 
300-
200-
1 0 0 -
1.0 M G = 
(r = 
43.04 + 
0 . 9 8 7 ) 
1.18 t 
0.2 M G = 
( r -
39.10 + 
0 .998) 
0 .901 
0.1 M G = 
(r = 
32 .38 + 
0.976) 
0 .84t 
0.05 M G = 
(r = 
31.96 + 
0 .982) 
0 .73 t 
0.025 M G = 
( r -
18.05 + 
0 .983) 
0 .59 t 
6 0 120 180 240 
t ( react ion t ime, min) 
Fig. 1. E f f e c t of s u b s t r a t e concent ra t ion on t h e r a t e of ox ida t ion of glucose by a glucose 
oxidase p repa ra t ion , K E K I No. 1. (Exper imen ta l points r epresen t the m a t h e m a t i c a l 
means of th ree parallels. Coeff ic ients of va r i a t ion were be tween 4.0 and 6.5 per cen t in 
t he case of t h e paral lels of all f ive curves. E q u a t i o n s were calculated by regression 
analys is f r o m the l inear p a r t of t h e curves.) 
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As can be seen in Fig. 1 the increase in substrate concentration resulted 
in an increase of the reaction rate, but substrate concentrations higher than 
0.2 M had diminishing influence on reaction rate. 
The values of the Michaelis constant (Km) and the Vmax , calculated by 
regression analysis from the above reaction rates of glucose oxidase preparation 
K É K I No. 1, proved to be 0.0186 M and 1.123, resp. (Fig. 2). 
Fig. 2. P lo t of l /V [V = gluconic acid fo rmed (/unole m i n - 1 ) ] agains t l / S [S = glucose 
(mole)]. Glucose oxidase K E K I No. 1. E n z y m e act ivi t ies of the reac t ion mix tu re s : 
0.190 SU m l - 1 and 0.019 B U m l - 1 . The ra t io of catalase to glucose oxidase: R = 0.100 
2.2. The effect of enzyme concentration on the rate of glucose oxidation 
In the course of the kinetic analysis glucose oxidase preparations were 
examined in three different concentrations. Glucose oxidase and catalase activ-
ities of the preparations, the ratio of their catalase-glucose oxidase activity (R), 
as well as the enzyme concentrations applied are summarized in Tables 1 and 2. 
The amounts of gluconic acid formed by the different enzyme prepara-
tions were plotted against reaction time (Figs. 3 and 4) in cases of all three 
adjusted activity levels (I, I I and I I I ) of the reaction mixtures (Tables 
1 and 2). 
As can be seen in the figures, the reaction rate is not linear throughout 
the whole reaction period observed. The linear phases of the curves shorten 
with the increase in glucose oxidase activities of the reaction mixtures. 
In Fig. 5 the reaction rates of the above preparations are plotted as 
a function of the glucose oxidase activity (in SU) of the reaction mixtures. 
The reaction rates are summarized in Tables 1 and 2. 
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E 2 000 
1 500 
1 000 
500 
0 60 120 180 240 0 60 120 180 240 0 60 120 180 240 0 60 120 180 240 
t ( reac t ion t ime, min) 
Fig. 3. E f f e c t of enzyme concen t ra t ion (EQ) on r a t e of glucose oxidat ion by some glucose 
oxidase p repa ra t ions ( K É K Í ) wi th dif ferent R values. (The act ivi t ies of t he enzymes 
and the react ion mix tu res a r e given in Table 1. E a c h expe r imen ta l po in t represents t he 
m a t h e m a t i c a l m e a n of t h r e e parallels. E q u a t i o n s were calcula ted by regression analysis 
f r o m the linear part, of the curves.) 
Tab le 
The effect of glucose oxidase concentration on reaction rate. The ratio of catalase to glucose 
rates of their 
Activit ies of t he p r epa ra t i ons tes ted : K É K I No . 1 5000 SU g - 1 and 500 BU g " 1 ; K É K T 
No. 8 13000 SU g"1 and 300 B U g_1 . Reac t ion ra te was calcula ted f r o m the linear p a r t 
and 
Enzyme 
preparations 
Concentrations of weighed-in enzyme preparations as well as of 
catalase in the reaction 
KÉKI 
No. 
ratio of 
catalase to 
glucose 
oxidase 
(R) 
I II 
mg ml - 1 GO (SU ml-1) 
catalase 
(BU ml"1) mg m l - 1 
GO 
(SU ml-1) 
catalase 
(BU ml"1) 
1 0 . 1 0 0 0 .039 0 .190 0 . 0 1 9 0 . 2 9 6 1.480 0 . 1 4 8 
3 0 . 1 2 5 0 . 0 3 8 0 .276 0 . 0 3 5 0 . 1 4 8 1.060 0 . 1 3 3 
5 0 . 1 2 3 0 . 1 4 8 0 .192 0 . 0 2 4 1 .480 1.924 0 .236 
8 0 . 0 2 3 0 . 0 1 9 0 .255 0 . 0 0 6 0 .107 1.390 0 .032 
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2.3. Comparison of the activity of glucose oxidase preparations 
Different enzyme preparations can be compared only in reaction mix-
tures having the same glucose oxidase activities. The previously mentioned 
preparations were compared after adjust ing the glucose oxidase activities of 
the reaction mixtures to 0.26 and to 2.60 SU m l - 1 , resp. The activities of these 
preparations (as determined by us), the ratio of their catalase and glucose 
oxidase activities, the parameters of enzyme addition are given in Table 3. 
The amount of gluconic acid formed from glucose by various glucose oxidase 
preparations, was plot ted against reaction time in Fig. 6. 
I t is obvious f rom the figure tha t , at the 0.26 SU m l - 1 concentration 
level, the rate of the reaction catalysed by the NBC preparation was the 
lowest. Thereafter followed, in increasing order, the unpurified preparations 
K É K I Nos. 3 and 8 and the purified preparation ( K É K I GT). The highest 
reaction rate of glucose oxidation was exhibited by the SIGMA and MERCK 
preparations. When glucose oxidase activities of the reaction mixtures were 
increased 10-fold, the reaction rate of the NBC preparation was the lowest, 
then followed K É K I No. 3, K É K I No. 8 and the purified preparation ( K É K I 
GT). This sequence was reversed in the 180 to 240 min reaction time range. 
The reaction rate of the purified preparation decreased intensively with the 
progress of the reaction. A decrease in the reaction rate was also found in 
preparation K É K I No. 8, but to a lesser extent than in the case of the purified 
preparation. Out of our preparations K É K I No. 3 has shown the highest 
glucose oxidation rate, but significantly lower than the rates of the reaction 
catalyzed by the MERCK and SIGMA preparations. The reactions catalyzed 
by the two concentrations of the above mentioned preparations, the extent 
1 
oxidase, the enzyme concentration of reaction mixtures of various preparations and the reaction 
glucose oxidation 
No. 3 7190 SU g " 1 and 900 B U g " 1 ; K É K I No. 5 1 300 SU g " 1 and 160 BU g " 1 ; K É K I 
of the reac t ion curves b y regression analysis . (Tests a t 3 concent ra t ion levels: I , I I 
I I I ) 
glucose oxidase and 
mixture Reaction rate Increase in enzyme 
concentration 
Increase 
in reaction 
rate 
III 
* 
II III 
mg ml - 1 GO (SU ml"1) 
catalase 
(BU ml-1) 
gluconic acid formation 
(jumole min-1) II/I I l l / I II/I IH/I 
0 .551 2 .775 0 . 2 7 0 .94 7 .50 11 .00 7 .59 14 .12 7 .98 11 .70 
0 . 4 1 3 2 .969 0 . 3 7 1.64 5 .69 11 .88 3.89 10.87 3.47 7 . 2 4 
2 .760 3 .588 0 . 4 4 0 .62 6 .95 11 .36 10.00 18 .65 11.21 18 .32 
0 .214 2 .782 0 . 0 6 1.60 8 .41 10 .96 5 .63 11 .26 5 .26 6 . 8 5 
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Table 
The effect of glucose oxidase concentration on reaction rate. The ratio of catalase to glucose 
reaction rates of 
Activit ies of p r epa ra t i ons t es ted : SIGMA: 14 700 SU g - 1 and '2 440 B U g - 1 ; M E R C K : 
ra te was calcula ted f r o m t h e l inear p a r t of the react ion curves by 
Enzyme 
preparations 
Concentrations of weighed-in enzyme preparations as well as 
and catalase in the reaction 
ratio I II 
Name 
of catalase 
to glucose 
oxidase 
(R) 
mg ml - 1 GO (SU ml-1) 
catalase 
(BU ml-1) mg ml- 1 
GO 
(SU ml-1) 
catalase 
(BU ml-1) 
SIGMA 0.165 0.010 0.147 0.024 0.107 1.570 0.256 
MERCK 0.283 0.019 0.286 0.081 0.148 2.230 0.633 
NBC 0.080 0.115 0.172 0.013 1.070 1.600 0.128 
Table 
Effect of a ten-fold increase in glucose 
T h e act ivi t ies of prepara t ions , t h e r a t io of ca ta lase and glucose oxidase ac t iv i ty , enzyme 
ra tes were calcula ted f r o m t h e linear p a r t of the react ion curves by 
Glucose oxidase preparations 
Concentrations of weighed-in enzyme 
catalase in the concentrations 
Ratio 
of catalase 
Name glucose oxidase catalase 
to glucose 
oxidase I 
(SU g-1) (BU g"1) (R) 
mg ml - 1 GO (SU ml-1) 
catalase 
(BU ml"1) 
SIGMA 14 700 2 440 0.165 0.017 0.258 0.001 
MERCK 15 096 4 280 0.283 0.017 0.260 0.0025 
NBC 1 500 120 0.080 0.172 0.259 0.0007 
K É K I No. 8 13 000 300 0.023 0.021 0.259 0.0002 
K É K I No. 3 7 190 900 0.125 0.036 0.260 0.0011 
K É K I GT 37 200 
— — 
0.007 0.255 
ЯШ 
of increase in the reaction r a t e as a consequence of the increase in enzyme 
activities of t he reaction mixtures, are given also in Table 3. 
As can be seen in Fig. 6, the glucose oxidation rates, catalyzed by vari-
ous preparat ions when the glucose oxidase activity of the reaction mixtures 
was adjus ted to the same level, were different . The reaction rates show an 
increasing tendency with the increase of the specific activi ty of the preparat ions, 
and with the increase of the ratio of their catalase to glucose oxidase activity 
( K É K I No. 5 and NBC preparat ions; as well as K É K I No. 3 and No. 8 pre-
parations). 
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2 
oxidase, the enzyme concentration of reaction mixtures of various preparations and the 
their glucose oxidation 
15 096 S U g " ' and 4 280 B U g " 1 ; N B C : 1 500 SU g " 1 and 120 B U g " 1 . Reac t ion 
regression analysis. (Tests a t 3 concen t ra t ion levels: I , I I and I I I ) 
of glucose oxidase 
mixture 
Reaction rate Increase 
in enzyme 
concentration 
Increase 
in reaction rate 
III I 11 III 
mg ml - 1 GO (SU ml-1) 
catalase 
(BU ml-1) 
gluconic acid formation 
(//.mole min -1) П/1 IH/I II/I III/ 
0 . 2 1 4 3 .146 0 . 5 2 2 2 .66 14.00 17.10 10 .70 21 .40 5 . 2 6 6 . 4 3 
0 . 2 9 6 4 .466 1 .266 4 .56 16 .55 21 .30 7 .79 15.58 3 .63 4 .67 
1 .930 2 .890 0 . 2 3 2 0 .76 4 .86 6 .94 9 .30 16 .78 6 .39 9 . 1 3 
3 
oxidase concentration on the reaction rate 
concen t ra t ion of react ion mix tu re s a n d the react ion r a t e of glucose oxida t ion . Reac t ion 
regression analysis. (Tests a t 2 concent ra t ion levels: I and I I ) 
preparations as well as of glucose oxidase and 
reaction mixture 
Reaction rate Increase 
in enzyme Increase 
I II 
concentra-
tion 
in reaction rate 
II 
mg m l - 1 GO (SU ml-1) 
catalase 
(BU ml-1) 
gluconic acid formation 
(/rmoie min - 1) II/I II/I 
0 . 1 7 5 2 .58 0 .0141 4 .02 14 .33 10 3 .56 
0 . 1 7 2 2 .60 0 .0251 4 .38 14 .63 10 3 .34 
1 .720 2 .59 0 .0071 1 .13 4 .57 10 4 . 0 4 
0 . 2 1 0 2 .59 0 .0022 1.78 9 . 3 0 10 5 .22 
0 . 3 6 0 2 .60 O.OOU 1.53 10 .00 10 6 . 5 3 
0 . 0 7 0 2 .55 
— 
1.78 9 .29 10 5 .22 
2.4. The effect of the ratio of catalase to glucose oxidase activity on the glucose 
oxidation rate 
The reaction rates catalyzed by various glucose oxidase preparations, 
in reaction mixtures adjusted to the same GO level, were plotted against the 
ratio of catalase and glucose oxidase activities (Fig. 7). 
Fig. 7 shows tha t , in reaction mixtures of the same glucose oxidase activ-
ity (E g ) , the reaction rates increased with the increase in the ratio of catalase 
and glucose oxidase activities of the preparations (NBC, K É K I No. 3, SIGMA, 
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MERCK). Preparat ions having high glucose oxidase activities and zero or 
very low ratio of catalase and glucose oxidase activities ( K É K I GT: 37 000 SU 
g _ 1 and K É K I No. 8: 13 000 SU g _ 1 ) can not be compared with preparations 
of lower glucose oxidase act ivi ty and of higher catalase : glucose oxidase ratio. 
t t react ion t ime, min) 
Fig. 4. E f fec t of enzyme concen t ra t ion ( E 0 ) on ra te of glucose oxida t ion by some foreign 
commercia l glucose oxidase p r e p a r a t i o n s wi th d i f fe ren t R values. (The act ivi t ies of t he 
enzymes and the react ion m i x t u r e s a re given in Tab le 2. E a c h exper imenta l po in t repre-
sen ts the m a t h e m a t i c a l m e a n of t h r ee parallels. E q u a t i o n s were calculated b y regression 
analysis f r o m the l inear p a r t of t h e curves.) 
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2.5. The effect of catalase on gluconic acid formation 
In t he course of our work it was found that the ra t io of catalase t o glucose 
oxidase might exert some, even if not unequivocal influence, on the reaction 
rate of glucose conversion. 
Catalase preparations of various origin were tested for the role of catalase 
in the glucose-oxidase-catalyzed reaction. Catalase preparations of liver, 
bacterial and fungal origin were added a t two concentration levels to the reac-
1.0 2.0 3.0 4.0 
EG(SUmf') 
Fig. 5. E f f e c t of enzyme concent ra t ion (EQ) on the reaction r a t e (V) of glucose oxida t ion 
by various H u n g a r i a n ( K É K I ) and foreign glucose oxidase p r epa ra t i ons hav ing d i f ferent 
R va lue s 
tion mixtures of the glucose oxidase preparation K É K I No. 8. After t he addi-
tion of glucose oxidase and catalase preparations the volume of the reaction 
mixture was adjusted t o 29 ml with distilled water. Reaction mixtures con-
taining only glucose oxidase and substrate served as t he control. Samples were 
taken at 30-min intervals during a 4-hour period and gluconic acid conversion 
was determined by the kinetic t i tr imetric method (see para. 1.1.). The activ-
ities of the enzymes as well as the R value of the reaction mixtures are given 
in Table 4, while gluconic acid formation was plotted against the incubation 
time in Fig. 8. Reaction rates calculated by regression analysis from the linear 
par t of t he curves are given in Table 4. 
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As can be seen in the figure, gluconic acid formation was not linear 
throughout the whole incubation period, even if the reaction mixtures contained 
various kinds of catalases. The addition of catalases resulted in a certain 
increase in the reaction rate in the linear phase and a more significant increase 
in the declining phase. The highest increase in reaction velocity was obtained 
a MERCK 
Á SIGMA 
о N B C 
о КЁК1 GT 
• K É K I No.3 
д KÉKI No в 
E G - 2.60 S U m l " ' 
60 120 180 240 
U r e o c t i o n t ime , m i n ) 
Fig. 6. E f fec t of t w o GO concen t ra t ions (EQ) on t h e reaction r a t e of glucose oxidat ion 
by various H u n g a r i a n ( K E K l ) a n d foreign p repa ra t ions . The ac t iv i t ies of the enzymes 
and of the react ion mix tu re s are given in Table 3. ( E a c h exper imenta l po in t represents 
t h e m a t h e m a t i c a l m e a n of th ree parallels. E q u a t i o n s were ca lcu la ted by regression 
I, fc I analysis f r o m t h e linear p a r t of t he curves.) 
with the use of Penicillium catalase. The 7.5- and 14.0-fold increase in the 
R value by Penicillium catalase resulted in a 2.95- and 3.61-fold increase in 
the reaction rate, resp. The increase of the R value to about t he same extent 
caused by addition of liver and bacterial catalase resulted only in a 1.22 — 
1.39- and 1.35—1.38-fold increase in the reaction rate. 
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Fig . 7. Dependence of reaction r a t e (V) on ca ta lase : GO rat io (R) of glucose oxidase 
p r epa ra t i ons of v a r y i n g GO con ten t . (Numbers a t exper imenta l po in t s indica te GO 
c o n t e n t of p r e p a r a t i o n s in SU g _ 1 . Two levels of GO concent ra t ion [ E 0 ] were appl ied 
in t h e react ion mix tures . ) 
Table 4 
Effect of the addition of catalase preparations of various origin 
on gluconic acid formation by glucose oxidase preparation KEKI No. 8 
(Glucose oxidase a c t i v i t y : 13 000 SU g - 1 ; concent ra t ion of GO prepa ra t ion in t he reac t ion 
m i x t u r e : 0.019 m g m l - 1 ) 
Catalase preparations used Reaction mixture Reac-
Increase* caused 
by the catalase 
preparation in 
Name 
Concentra- catalase added 
actual enzyme 
activities 
ratio of 
catalase 
to 
tion 
rate 
(gluco-
nic acid 
tion 
(BU g-») (BU ml-1) GO (SU 
ml-1) 
catalase 
(BU 
ml-1) 
glucose 
oxidase 
(R) 
forma-
tion, 
/«mole 
min - 1) 
R 
value 
reaction 
rate 
Liver catalase 
(SIGMA C-10) 
12 000 0 . 0 3 7 2 
0 . 0 7 4 4 
0 .247 0 . 0 4 2 9 
0 . 0 8 0 1 
0 .1736 
0 .3240 
2 .17 
2 .48 
7 .54 
14 .08 
1 .22 
1 .39 
Bacterial catalase 
(MERCK) 
8 000 0 . 0 3 7 2 
0 . 0 7 4 4 
0 .247 0 . 0 4 2 9 
0 . 0 8 0 1 
0 .1736 
0 .3240 
2 .40 
2 .46 
7 .54 
14 .08 
1 .35 
1 .38 
Penicillium catalase 
(Ukr.N.I.I.S.L.P., 
Kiev) 
10 000 0 . 0 3 5 8 
0 . 0 7 1 7 
0 .247 0 . 0 4 1 5 
0 . 0 7 7 4 
0 .1680 
0 .3130 
5 . 2 5 
6 . 4 3 
7 .30 
13 .61 
2 . 9 5 
3 .61 
Test glucose oxidase 
K É K I No. 8 
300 
— 
0 .247 0 . 0 0 5 7 0 . 0 2 3 1 .78 
— 
* Figures ind ica te the ra t io of values ob ta ined wi th and w i t h o u t added ca ta l a se 
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The effect of the addition of catalases on the reaction rate was also 
examined with the NBC glucose oxidase preparat ion. The enzyme activities 
of the preparat ions as well as the enzyme activities and the catalase-to-glucose 
oxidase ratio of the reaction mixtures are summarized in Table 5. The condi-
tions of incubation and the determination of glucose conversion were t he same 
as described above. The gluconic acid concentrations of the reaction mixture 
t i reac t ion t ime, m in ) 
Fig. 8. E f f e c t of add i t ion of catalase p r epa ra t i ons on t h e glucose oxidat ion r a t e of 
glucose oxidase p r e p a r a t i o n K É K I No. 8 a t var ious values of R in the react ion mix tu re . 
(The act ivi t ies of t h e enzymes and t h e reac t ion mix tu re s are given in Table 4. E a c h 
exper imenta l po in t represen ts t he m a t h e m a t i c a l m e a n of th ree parallels. E q u a t i o n s 
were calculated b y regression analysis f r o m the l inear p a r t of t he curves.) 
of the control (NBC) and in those containing two concentrations of catalase 
of various origin, were plotted against the reaction t ime in Fig. 9. Reaction 
rates calculated by regression analysis f rom the da t a of the linear pa r t s of the 
curves are summarized in Table 5. 
As can be seen in Fig. 9, the reaction rate of the control preparat ion 
decreased significantly af ter a 120-minute incubation period. The addition of 
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catalase resulted in linear phases 30—60 minutes longer and a lower decrease 
in the reaction rates a t the end of the incubation. About two- or four-fold 
increase in the R value of the NBC glucose oxidase preparation resulted in 
a 3.99—7.01-fold increase in reaction rates and 1.57—2.01-fold in the case 
of catalases of Penicillium and Aspergillus origin, while 1.10—1.32-fold and 
1.11—1.26-fold only in the case of catalases from liver and bacteria. 
t ( react ion time, min} 
Fig. 9. E f f e c t of add i t ion of catalase p repa ra t ions on t h e glucose ox ida t ion r a t e of t he 
NBC glucose oxidase p r epa ra t i on a t va r i ous values of R in t he react ion mix tures . (The 
act ivi t ies of enzymes a n d reaction m i x t u r e s are given in Table 5. E a c h exper imenta l 
po in t r ep resen t s the m a t h e m a t i c a l m e a n of three paral le ls . Equa t ions were calculated 
by regression analysis f r o m the linear p a r t of the curves.) 
2.6. H202 inhibition 
The fact tha t t he reaction r a t e increased when catalase preparations 
were added to the reaction mixture indicated the possibility of H 2 0 2 inhibi-
tion. 
A glucose oxidase preparation (KÉKI No. 72/9) having a catalase : glu-
cose oxidase ratio of 0.218 was used for studying the effect of H 2 0 2 and 
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catalase on the reaction catalyzed by glucose oxidase. The reaction mixtures 
contained 25 ml substra te (1, 0.5, 0.2, 0.1, 0.05 and 0.025 M glucose, resp. 
dissolved in acetate buffer, p H = 5.1) + 1 ml of a 1 mg m l - 1 solution of 
GO preparat ion K É K I No. 72/9 -+- 3 ml of distilled water. These samples 
served as a control. In the second group the 3-ml portions of distilled water 
were replaced by 2.5 ml distilled water and 0.5 ml of H 2 0 2 . The H 2 0 2 mola-
r i ty of the reaction mixture was 0.17 M. The th i rd group contained, in 
T a b l e 5 
Effect of the addition of catalase preparations of various origin 
on gluconic acid formation by NBC glucose oxidase preparation 
(Glucose ox idase a c t i v i t y : 1 500 S U g _ 1 ; c o n c e n t r a t i o n of GO p r e p a r a t i o n 
in t h e r eac t i on m i x t u r e : 0.115 m g m l - 1 ) 
Catalase preparations used Reaction mixture Reac-
Increase* caused 
by the catalase 
preparation in 
Name Activity 
catalase 
added 
actual 
enzyme activities 
ratio of 
catalase 
to 
tion 
rate 
(gluco-
nic acid 
(BU g"») (BU 
ml - 1 ) GO (SU 
ml - 1) 
catalase 
(BU 
ml-») 
glucose 
oxidase 
(B) 
forma-
tion, 
/imole 
min - 1) 
R 
value 
reaction 
rate 
Liver catalase 
(SIGMA C-10) 
12 000 0.0206 
0.0620 
0.258 0.0406 
0.0820 
0.1573 
0.3178 
1.24 
1.506 
1.97 
3.97 
1.10 
1.33 
Bacterial catalase 
(MERCK) 
8 000 0.0193 
0.0744 
0.258 0.0393 
0.0944 
0.1520 
0.3658 
1.26 
1.43 
1.90 
4.57 
1.11 
1.26 
Penicillium catalase 
(Ukr.N.I .I .S.L.P. , 
Kiev) 
10 000 0.0179 
0.0717 
0.258 0.0379 
0.0917 
0.1470 
0.3550 
4.51 
7.92 
1.84 
4.43 
3.99 
7.01 
Aspergillus catalase 
(U.V.U.P.P., Prague) 
-
0.0206 
0.0616 
0.258 0.0406 
0.0816 
0.1573 
0.3160 
1.77 
2.27 
1.97 
3.95 
1.57 
2.01 
Tes t glucose oxidase 
NBC 
,-st — 0.258 0.0200 0.0800 1.13 — — 
* F igu re s i n d i c a t e t h e r a t io of v a l u e s ob ta ined w i t h a n d w i t h o u t a d d e d catalase 
addition to substrate, glucose oxidase and H.,02 , 1 ml of catalase solution 
( M E R C K bacter ia l catalase) and 1 . 5 ml of distilled water. 
The glucose oxidase and catalase concentration as well as t he ratio of 
catalase t o glucose oxidase of the reaction mixtures are given in Table 6. 
The conditions of incubation and determination of gluconic acid forma-
t ion were identical with those described in para. 1.1. 
The reaction rates calculated in the case of each substrate concentration 
by regression analysis, containing H. ,0 2 and catalase resp., are also given in 
Table 6. 
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Table 6 
Effect of H„02 and, catalase addition on the reaction velocity 
of glucose oxidation at various substrate concentrations 
E n z y m e prepara t ions : Glucose oxidase K E K I No. 72/9 : 6 400 SU g - 1 ; 
Bacterial catalase (MERCK) : 1 400 B U g - 1 . Enzyme concent ra t ions 
in the r eac t ion mixture : 0.228 SU m l " 1 ; 0.050 B U m l " 1 (Groups I and I I ) 
and 0.095 BU m l " 1 (Group I I I ) 
Reaction rate (jumole min -1) 
Group I Group II Group I I I 
Glucose 
concentra-
tion (it) glucose oxidase 
(R = 0.218) 
glucose oxidase 
+ 
Н
г
О
г
 (0.17 M) 
(R = 0.218) 
percentage 
of that 
of Group I 
(%) 
glucose oxidase 
Н,0 , (0.17 M) 
+ 
catalase 
(0.046 BU ml - 1) 
(R = 0.421) 
percentage 
of that 
of Group I 
(%) 
1.000 1.6357 0.8785 53.71 1.4261 87.18 
0.500 1.6023 0.8486 52.96 1.3423 83.77 
0.200 1.3952 0.7809 56.00 1.3357 95.73 
0.100 1.4071 0.7060 50.17 1.2071 85.78 
0.050 1.0214 0.6619 64.80 0.9943 97.35 
0.025 0.8047 0.5642 70.11 0.7976 99.11 
As seen in the table, the addition of 0.17 M H 2 0 2 decreased the react ion 
ra te substantially. 
The increase in the R value of the reaction mixture f rom 0.218 to 0.421 
effected by addition of bacterial catalase, significantly decreased the inhibitory 
effect of the H 2 0 2 a t each substrate concentration. 
The values of the Michaelis constant (Km) and Vm a x are given in Table 7. 
Table 7 
Effect of H„02 and catalase on the Michaelis constant 
Glucose oxidase K É K I No. 72/9: 6 400 SU g - 1 ; 1 400 B U g - 1 
Groups tested 
Enzyme concentrations 
in the reaction mixture 
R 
К m V max 
glucose oxidase 
(SU ml - 1) 
catalase 
(BU ml - 1 ) 
I . Glucose oxidase 0.228 0.050 0.218 0.0099 1.662 
11. Glucose oxidase -)- H 2 0 2  
(0.17 M ) 
0.228 0.050 0.218 0.0189 0.835 
I I I . Glucose oxidase -)- H 2 0 , 
(0.17 M) -f catalase 
(0.046 BU m l - i) 
0.228 0.096 0.421 0.0100 1.427 
4 Acta Alimentaria 4,1975 
ZETEL AKI-HORVÁTH <5 VAS: MEASUREMENT OF GLUCOSE OXIDASE ACTIVITY 54 
According to the da ta of Table 7, in the reaction mixture containing 
0.17 Ж H 2 0 2 , the value of Ym a x decreased by 50 per cent with reference to tha t 
containing glucose oxidase only. When 0.046 BU m h 1 catalase was added, 
along witli H 2 0 2 , to the reaction mixture (Group I I I ) , the Vm a x value was 
86 per cent of tha t of the control (Group I). The values of the Michaelis con-
stants were equal (0.0099 and 0.0100) in the control sample (Group I) and in 
tha t containing H 2 0 2 and catalase (Group I I I ) , while in samples containing 
glucose oxidase and H 2 0 2 (Group II) the K m value was nearly twice t h a t of 
the control group. 
2.7. Inhibitory effect of d-gluconolactone 
The reaction products of the action of glucose oxidase are d-gluconolac-
tone and H 2 0 2 . Since H 2 0 2 proved to be an inhibitor of the enzyme, the in-
hibitory effect of d-gluconolactone was tested, too. Reaction mixtures of 
Group I (Table 8) consisted of 25 ml glucose substrate of various molarity, 
1 ml glucose oxidase solution (KÉKI No. 72/10, conc.: 1 mg ml - 1 ) and 3 ml 
distilled water. Groups I I and I I I contained 0.05 M and 0.10 M d-glucono-
lactone, resp. in addition to the enzyme and substrate components, and the 
reaction mixtures were adjusted to 29 ml with distilled water. Substrates were 
prepared with acetate buffer of p H 5.1 in the case of Group I and p H 6.0 in 
the case of Group I I and I I I to decrease the acidity caused by the hydrolysis 
of the inhibitor. In order to minimize the hydrolysis of the lactone it was 
added to the reaction mixtures just before the addition of the enzyme. The 
incubation of the reaction mixtures and the determination of glucose con-
version were the same as given in para. 1.1. Samples were taken every 30 
minutes for 3 hours. 
The reaction rates (calculated by regression analysis) were given as 
a function of the substrate concentration, in all three groups tested, in 
Table 8. 
The average rates of gluconic acid conversion in the reaction mixtures 
containing 0.05 and 0.1 Ж lactone (Groups I I and I I I ) were about 95 and 
86 per cent of tha t of the control group (I) not containing lactone. The above 
da ta show that , with the doubling of the <3-gluconolactone concentration of 
the reaction mixture, the inhibition increases. 
The values of the Michaelis constant (Km) and V m a x are given in Table 9. 
I t can be seen f rom the data of Table 9 that the addition of á-glucono-
lactone (0.05 Ж) to the reaction mixtures resulted in V m a x values 5 and 15% 
lower and in K m values about 6 and 27% higher than t h a t of Group I . 
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T a b l e 8 
E f f e c t of 8-gluconolactone on reaction velocity 
of glucose oxidation at various substrate concentrations 
G l u c o s e o x i d a s e p r e p a r a t i o n K É K I N o . 7 2 / 1 0 : 5 8 0 0 S U g - 1 ; 
1 4 0 0 B U g - 1 . E n z y m e c o n c e n t r a t i o n i n t h e r e a c t i o n m i x t u r e : 
0 . 2 0 7 S U m l - 1 ; 0 . 0 5 0 B U m l - 1 ( R = 0 . 2 4 2 ) 
Reaction velocity (umole min - 1) 
Glucose Group I Group I I Group Ш 
concentra-
tion 
(V) glucose oxidase 
glucose oxidase 
+ 
d-gluconolaetone 
(0.05 Ж) 
Percentage of that 
of Group I 
(%) 
glucose oxidase 
+ 
d-gluconolactone 
(0.10 M) 
Percentage of that 
of Group I 
(%) 
1 .000 1 .4842 1.4190 95 .6 1 .2476 84 .0 
0 . 5 0 0 1 .4523 1.3261 9 1 . 3 1 .2071 83 .0 
0 . 2 0 0 1 . 3 2 6 1 1.2166 91 .7 1 .1833 8 9 . 2 3 
0 . 1 0 0 1 .1452 1.1119 97 .1 0 . 9 7 3 8 84 .96 
0 . 0 5 0 0 . 9 5 9 5 0 .9226 96 .1 0 . 8 1 4 2 85 .0 
0 . 0 2 5 0 . 7 1 1 9 0 .6761 95 .0 0 . 6 2 6 1 87 .9 
T a b l e 9 
E f f e c t of 8-gluconolactone on values of the Michaelis constant (Km) and Vmax 
G l u c o s e o x i d a s e K É K I N o . 7 2 / 1 0 : 5 8 0 0 S U g " 1 : 1 4 0 0 B U g - 1 
Groups tested 
Enzyme concentration 
of reaction mixture 
glucose oxidase 
(SU ml - 1) 
catalase 
(BU ml-1) 
R K „ Vmax 
I . G l u c o s e o x i d a s e 0 .207 0 .050 0 . 2 4 2 0 .0122 1.466 
I I . G l u c o s e o x i d a s e á - g l u c o -
n o l a c t o n e (0 .05 M ) 
0 .207 0 .050 0 . 2 4 2 0 . 0 1 3 0 1 .397 
[ I I . G l u c o s e o x i d a s e 4 ő - g l u c o -
n o l a c t o n e (0.10 M ) 
0 .207 0 .050 0 . 2 4 2 0 . 0 1 5 5 1.254 
3. Conclusions 
The Michaelis constant determined for glucose oxidase preparations 
K É K I Nos. 1 , 7 2 , 9 and 7 2 / 1 0 proved to be 0 . 0 1 8 6 and 0 . 0 0 9 9 and 0 . 0 1 2 2 M , 
resp. These values were higher than tha t ( 0 . 0 0 4 2 ) found by K E I L I N and H A R T R E E 
( 1 9 4 8 ) and lower than those obtained by F R A N K E and L O R E N Z ( 1 9 3 7 ) and by 
G I B S O N et al. ( 1 9 6 4 ) ( K M = 0 . 0 2 6 and 0 . 1 1 , resp.) and similar to those reported 
for glucose oxidases of Penicillium origin ( 0 . 0 1 5 and 0 . 0 0 9 5 M\ S W O B O D A & 
M A S S E Y , 1 9 6 5 ) . 
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There was an increasing tendency in the reaction rate with the increase 
in glucose oxidase activity of the preparations (Fig. 10) and in most cases with 
the increase in the ratio of their catalase and glucose oxidase activity. 
When the velocity of gluconic acid formation was plotted against the 
square root of enzyme concentration, the relationship was found approximately 
linear (Fig. 11). Similar results were obtained when the logarithm of the reac-
tion velocity was plotted as a function of the logarithm of the enzyme con-
centration (Fig. 12). 
Fig . 10. D e p e n d e n c e of t h e r eac t ion r a t e (V) on g lucose oxidase c o n t e n t (SU g - 1 ) of 
e n z y m e p r e p a r a t i o n s of v a r y i n g ca t a l a se c o n t e n t u s e d a t t w o levels of GO c o n c e n t r a t i o n 
(EQ) in t h e r e a c t i o n m i x t u r e . N u m b e r s a t t h e e x p e r i m e n t a l po in t s i n d i c a t e t h e r a t i o 
of ca ta lase t o G O (R) . ( D a t a : Tab l e 3) 
For routine assays, when continuous t i t rat ion cannot be done because 
of the large number of samples, enzyme concentration of the reaction mixture 
must be chosen so tha t the reaction rate should remain unchanged throughout 
the whole reaction time. The enzyme concentration of reaction mixtures must 
not be higher t han 0 . 2 0 0 S U ml" 1 . 
The decrease in the reaction ra te with the progress of the reaction t ime 
indicates enzyme inactivation. 
The inactivation of the enzyme can be determined by graphical analysis, 
too (SELWYN, 1 9 6 5 ) when the amounts of gluconic acid converted by different 
concentrations of the enzyme preparations are plotted against an abscissa 
showing reaction time multiplied by enzyme concentration (Fig. 13). In case 
there is no inactivation of the enzyme, gluconic acid values measured at vari-
ous enzyme concentrations should fall on one curve. If the enzyme is denatured 
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during the reaction, the gluconic acid quantities for different concentrations 
of enzyme follow different curves. 
According to Fig. 13, gluconic acid values for the various GO concentra-
tions of the examined preparations usually followed different curves. 
Studies on commercial GO preparations of various origin revealed t h a t 
the rate of gluconic acid formation is strongly affected by a number of largely 
fEsOU-mf') 
Fig. L1. R a t e (V) of gluconic acid fo rmat ion as a func t ion of t he square root of glucose 
ox idase concent ra t ion (EQ). (Tables 1 a n d 2) 
unknown factors. As a result of this, it became apparent tha t techniques, 
widely used at present to measure GO activity, need urgent revision. Rates 
of the glucose —>- gluconic acid reaction, as measured with various commercial 
GO preparations, exhibited large differences in reaction mixtures containing 
the same number of Sarrette units (SU), the latter being the most widely 
accepted measure of GO activity. That is, correlation between the IUB-
advocated kinetic units (as expressed in у moles per minute) and the tradi-
tional SU values is poor. 
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The addition of catalases decreased the inactivation of glucose oxidase 
enzymes. Of the catalases f rom liver, bacteria and fungi the latter was the 
most effective in decreasing the inhibition. The 7—14-fold increase of the 
catalase : glucose oxidase ratio of the reaction mixtures by catalase prepara-
tions from liver, bacteria and Penicillium increased the velocity of the reaction 
catalyzed by glucose oxidase K É K I No. 8 1.22-1.39- , 1 .35-1 .38- and 2.95— 
3.61-fold, resp. 
Fig. 12. Dependence of react ion r a t e (V, /imole m i n - 1 ) of gluconic acid fo rmat ion on 
glucose oxidase concentra t ion (EQ, SU m l - 1 ) w i th various enzyme prepara t ions , in 
a double- logar i thmic plot . ( D a t a : Tables 1 and 2) j
 t . 
The 2.0- and 4.0-fold increase in the ratio of catalase to glucose oxidase 
of the NBC glucose oxidase preparation by the addition catalases from Peni-
cillium and Aspergillus resulted in a 4.0—7.0-fold, and in a 1.6- and 2.0-fold 
increase in the reaction rate, respectively. When catalases of liver and bac-
terial origin were used the reaction rate increased only 1.1—1.4- and 1.1 1.26-
fold as compared to that containing no catalase preparation. 
On the basis of the above observations, inhibition by H 2 0 2 was suggested. 
This was tested by the addition of 0.17 M. H 2 0 2 to the reaction mixture of 
a glucose oxidase enzyme when the reaction rate decreased by about 42%. But 
when the above concentration of H 2 0 2 was added together with a bacteria^ 
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Fig. 13. R a t e s of gluconic acid fo rmat ion of some foreign and Hunga r i an ( K É K I ) glucose oxidase p re 
pa ra t ions p lo t ted aga ins t incubat ion t ime [ t (min) up t o 180 m i n ] mult ipl ied b y the enzyme concent ra 
t ion [ E g (SU m l " 1 ) ] 
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atalase preparation, t he decrease of the reaction rate was only about 1 0 % of 
hat conta in ing no H 2 0 2 . 
K L E P P E ( 1 9 6 6 ) , s tudying the inactivation of glucose oxidase enzyme by 
H , 0 2 , found that the reduced enzyme was inactivated more rapidly t h a n the 
oxidized one. According to the spectra of the active a n d inactivated enzyme 
and to the results of amino acid analysis, the modification of methionine 
located near the active center was suggested. K L E P P E found that the K M 
values of the H 2 0 2 - t r ea ted and the nontreated samples were the same, and 
it was only the Vmax t h a t had changed. Though he inactivated the enzyme 
prior to incubation and the reaction velocity was measured manometrically 
on the basis of 0 2 uptake, our results concerning K M values are not in agree-
ment with the above s ta tement . 
The K m value of the samples containing H.,()., was about the double of 
the control, containing only glucose oxidase (0.0189 and 0.0099M, resp.), while 
in samples where H 2 0 2 wras added together with catalase the K m value was 
equal to tha t of the control. The values of Vmax calculated in samples contain-
ing H 2 0 2 and H 2 0 2 with catalase were about 50 and 86 per cent, resp., o f t h a t 
of the control. The 14 per cent lower Vm a x value might be the result of the 
inhibitory effect of the other reaction product , namely Agluconolactone. 
The addition of ó-gluconolactone to the reaction mixture resulted in 
a slight inhibition of the action of glucose oxidase enzyme. NAKAMURA and 
OGURA ( 1 9 6 2 ) also reported on the inhibitory effect of á-gluconolactone and 
supposed the binding of lactone to the active center of the glucose oxidase 
enzyme. 
According to the Lineweaver-Burk plots of our results, the inhibition 
types of both H 2 0 2 and <5-gluconolactone seem to belong to the mixed type 
of inhibition ( D I X O N & W E B B , 1 9 5 8 ) . 
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COMPARISON OF MILK-CLOTTING ENZYME PREPARATIONS 
BASED ON FRACTIONATION BY ISOELECTRIC FOCUSING 
P A R T T. - I N V E S T I G A T I O N O F M I L K - C L O T T I N G E N Z Y M E 
P R E P A R A T I O N S O F MUCOIt PUSSILLUS O R I G I N 
K . P O Z S Á R - H A J N A L a n d E . H E G E D Ü S - V Ö L G Y E S I 
(Rece ived Oc tobe r 19, 1973) 
E x p e r i m e n t s were ca r r i ed o u t t o f r a c t i o n a t e m i l k - c l o t t i n g enzyme p r e -
p a r a t i o n s b y isoelectr ic f o c u s i n g a n d t o d e t e r m i n e the p i v a l u e of the v a r i o u s 
e n z y m e c o m p o n e n t s p r e s e n t . T h e p r e p a r a t i o n s were p r o d u c e d in sur face a n d 
s u b m e r g e d c u l t u r e s of a s t r a i n of t he m o u l d Mucor pusillus L i n d t . The m a i n 
re su l t s were as follows. 
(a) T h e p ro t eo ly t i c c o m p o n e n t of t h e e n z y m e p r e p a r a t i o n E31 p r o d u c e d 
b y s u r f a c e f e r m e n t a t i o n c a n b e d iv ided , b y isoelectr ic focus ing , i n t o a t leas t t w o 
(in a v e r y n a r r o w p H r a n g e i n t o three) f r a c t i o n s wi th i soe lec t r i c po in t s of p i 
3.81, 3.83 a n d 4.01, resp. T h e mi lk -c lo t t i ng c o m p o n e n t of t h e p r e p a r a t i o n c o n -
s t i t u t e s t h e m a i n f r a c t i o n w i t h p i va lues of 3 .98 to 4.01 a n d a smal le r f r a c t i o n 
w i t h p i 3.83; t h e l ipase c o m p o n e n t h a s t h r e e m a i n and one s m a l l e r f r ac t i on w i t h 
p i s 3.81, 3.83, 4 .01 and 3.64, r e sp . T h u s t h e o t h e r two e n z y m e c o m p o n e n t s c a n , 
t o a ce r t a in e x t e n t , be s e p a r a t e d f r o m t h e mi lk -c lo t t i ng e n z y m e b y f r a c t i o n a t i o n 
acco rd ing t o t he i r isoelectr ic p o i n t s . 
(b) I n v e s t i g a t i o n of t h e p ro t eo ly t i c a c t i v i t y of t h e e n z y m e p r e p a r a t i o n 
E32 p r o d u c e d b y submerged f e r m e n t a t i o n r e v e a l s one m a i n a n d t w o s u b s t a n t i a l l y 
smal le r f r a c t i o n s . T h e p i v a l u e of t he m a i n f r a c t i o n is 8.81, t h o s e of t h e t w o 
smal le r f r a c t i o n s 9.13 and 8.37, r e sp . T h e mi lk - c lo t t i ng and l i pase ac t iv i t i es g r e a t l y 
d e t e r i o r a t e d in t h e course of focus ing a n d cou ld be d e t e c t e d o n l y in m i n i m a l 
q u a n t i t i e s in t h e f r ac t ions w i t h m a x i m u m p r o t e o l y t i c a c t i v i t y . 
(c) I n t h e J a p a n e s e e n z y m e p r e p a r a t i o n Meito Rennet, p r o d u c e d b y s u r -
f ace f e r m e n t a t i o n , t h e p r o t e o l y t i c , mi lk -c lo t t i ng a n d lipase c o m p o n e n t s a p p e a r e d 
essent ia l ly in a c o m m o n m a i n f r a c t i o n w i t h a n isoelectric p o i n t of p i 4.00. I n 
a d d i t i o n , t h e p ro t eo ly t i c c o m p o n e n t gave a n o t h e r smaller f r a c t i o n which c o n -
t a i n e d 4 % of t h e overall a c t i v i t y and h a d a n isoelectric p o i n t of 4 .68. 
( d ) T h e r e is a s u b s t a n t i a l d i f fe rence b e t w e e n the i soe lec t r i c po in t s of t h e 
e n z y m e p r e p a r a t i o n s E31 a n d E32 p roduced f r o m the same m o u l d s t r a in , b u t b y 
s u r f a c e a n d s u b m e r g e d f e r m e n t a t i o n t e c h n o l o g y , resp. T h i s d i f f e r ence is p r e -
s u m a b l y d u e t o the i r d i f f e r e n t compos i t ions , a s suppor t ed b y t h e f i nd ing t h a t 
t h e m a x i m u m va lue of t h e p r o t e o l y t i c a c t i v i t y of t he p r e p a r a t i o n E32 is n o t 
a c c o m p a n i e d b y t h e a b s o r p t i o n m a x i m u m m e a s u r e d a t 280 n m , in c o n t r a s t t o 
t h e b e h a v i o u r of t h e p r e p a r a t i o n E 3 1 . 
T h e s e r e su l t s h a v e f u r n i s h e d f u r t h e r d a t a in suppo r t of o u r earl ier o b s e r v a -
t i ons ( M O R V Á I , 1971; V Á M O S - V I G Y Á Z Ó & M O R V A I - R Á C Z , 1970; V Á M O S - V I G Y Á Z Ó 
et al., 1973), n a m e l y t h a t e n z y m e p r e p a r a t i o n s p roduced b y d i f f e r e n t f e r m e n t a t i o n 
t echno log ies will h a v e d i f f e r e n t compos i t ion . 
In recent years we have prepared milk-clotting enzyme preparations b y 
surface and submerged fermentation using strains of the mould Mucor pusillus 
Lindt and Endothia parasitica on a laboratory scale. The various properties 
of these enzyme preparations were studied and compared to t he corresponding 
data of enzyme preparations produced abroad. Our work included the frac-
tionation of the components of the various enzyme preparations according to 
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their isoelectric points and the determination of the isoelectric points of the 
milk-clotting, proteolytic and lipase components. 
These investigations were carried out by means of the method of iso-
electric focusing which, in recent years, has come to be used more and more 
widely all over the world. This method is essentially an electro]ihoresis per-
formed in a pH gradient. This latter is produced in the appropriate p H range 
by means of the addit ion of Ampholine, an organic N-containing polvmer 
( V E S T E R B E R G & S V E N S S O N , 1 9 6 6 ) . Mixing of the separated protein fractions 
and an undue broadening of the already formed zones are prevented by the 
density gradient or bv the simultaneous application of some other inert materials 
e.g., of diverse gels. Accordingly, we distinguish between 
gel electrofocusing ( W R I G L E Y , 1 9 6 8 ; G A I N E R , 1 9 7 3 ; D E L I N C É E & 
R A D O E A , 1 9 7 0 ) 
zone-convection electrofocusing ( V A L M E T , 1 9 6 9 ) 
— and isoelectric focusing in the density gradient. 
Of the three methods, isoelectric focusing in the density gradient is the 
most widely applied ( H A G L U N D , 1 9 6 7 ; V E S T E R B E R G & B E R G G R E N , 1 9 6 7 ; 
L U N D B L A D , et ál., 1 9 6 8 ; V E S T E R B E R G et at., 1 9 6 7 ; T I R U N A R A Y A N A N et ál., 
1 9 6 9 ; W A D S T R Ö M , 1 9 6 7 ) . This method includes separation on the column on 
which the density gradient is formed depending on the nature of the sample 
— by the addition of saccharose ( V E S T E R B E R G et ál., 1 9 6 7 ) , ethyleneglycol 
( V E S T E R B E R G , 1 9 7 1 A ) or glycerine ( V E S T E R B E R G & B E R G G R E N , 1 9 6 7 ) . 
Earlier we have applied the density gradient technique ( P O Z S Á R - H A J N A L , 
1972) to the fractionation of a crude lipase preparation produced by a Pseudo-
monas s train. In the present paper we wish to report on the fractionation 
by means of isoelectric focusing of enzyme preparations produced in our 
Insti tute by surface and by submerged fermentation, resp., of a strain of the 
mould Mucor pusillus Lindt and of a Japanese preparation from surface 
culture. 
1. Materials and methods 
1.1. Enzyme preparations 
The milk-clotting enzyme preparation produced at the Central Food 
Research Institute, Budapest , by surface fermentation ( P O Z S Á R - H A . J N A L et 
ál., 1974a) will be designated bv E31, and that produced by submerged fer-
mentation ( P O Z S Á R - H A J N A L et al., 1974b) by E32. 
The solutions of these enzyme preparations were dialyzed in a refrigerator 
against distilled water for 24 hours a n d then lyophilized. 
Meito Rennet (Takasago Perfumery Co., Tokyo, Japan) is an enzyme 
preparation produced by the surface fermentation of the strain Mucor pusillus 
Lindt, and will be designated by MR. 
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1.2. Isoelectric focusing 
Isoelectric focusing was performed with the aid of the appara tus LKB 
8100 (LKB-Producter, Stockholm). The column of 110 ml was cooled with run-
ning t ap water. The density gradient was developed by means of a 50 % solu-
tion of saccharose in water by means of a linear gradient mixing vessel. The 
p H gradient in the desired p H range was achieved by the addition of 1 % of 
Ampholine; for a double run 2% of Ampholine was used. Ampholine, the 
sample under investigation and the density gradient solution were applied 
simultaneously to the column. The volume of the sample was 50 ml, its protein 
concentration 0.6 to 0.8 mg ml"1 , as determined by measuring its optical 
density (O.D.) at 260 and 280 nm and as calculated b y means of the formula 
of C O L O W I C K and K A P L A N ( 1 9 5 7 ) . A 0 . 2 % solution of ethanolamine served for 
the protection of the cathode, the anode was protected with a 0.1 % solution 
of phosphoric acid. The thick electrode solution, in addition, contained 50% of 
saccharose. Depending on the p H range, the initial voltage was 340, 420 or 
500 V; one run lasted f rom 48 to 72 hours. 
After elution of the column 2.0 or 2 5 ml fractions were collected and 
their p H (Radiometer, Copenhagen) a t 20°C, optical density at 260 and 280 nm 
(Gilford 2400 spectrophotometer), fu r ther their milk-clotting and proteolytic 
activities were measured. The lipase content in the fractions was determined 
by a semi-quantitative method. 
1.3. Separation of Ampholine on Sephadex G-2-5 
In the experiments of a preparative nature with E32, a Sephadex G-25 
column was used for the separation of Ampholine. The diameter of the column 
was 2 cm, its height 12 cm, the volume of the sample was 3 ml. Together with 
the fractions collected af ter focusing, Dextran Blue 2000 was also applied to 
the column, which was eluted with distilled water a t a rate of 1.5 ml per 
minute. Three-ml fractions were collected and their O.D. measured a t 280 nm. 
In the fractions of maximum absorbance, the proteolytic and milk-clotting 
activities were also determined. 
1.4. Determination of enzyme activities 
Proteolytic activity of the solution used for focusing, i.e., of the obtained 
fractions, was studied on casein substrate at pH 6.0. The O.D. of the trichloro-
acetic acid (TCA) soluble decomposition product obtained with the enzyme 
from the substrate af ter incubation for one hour a t 35 °C, was measured at 
280 nm against a s tandard solution to which the enzyme solution was added 
after precipitation of the substrate with TCA. A detailed description of the 
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method has been published elsewhere (VÁMOS-VIGYÁZÓ et al., 1969) . The 
absorbance at 280 nm of the TCA soluble decomposition product obtained 
under the above conditions f rom 1 mg of the enzyme preparation, i.e., f rom 
0.2 ml of focused solution, was taken as the index of enzyme concentration. 
Milk-clotting activity was determined by means of the modified Soxhlet 
method ( R E T T I N G , 1 9 5 5 ) and the enzyme concentration expressed in S U m l - 1 . 
Five millilitres of 10 % rehvdrated skimmed milk powder were used as substrate 
without CaCl., supplementation. The time of clotting (in sec) was measured 
Table 1 
Protein content, milk-clotting enzyme, proteolytic enzyme and 
lipase concentrations of the investigated enzyme preparations of Mucor origin 
Symbol 
of enzyme 
Protein content, 
mg g - 1 
Milk-clotting enzyme 
concentration, SU g- 1 
Proteolytic enzyme 
concentration, 
U g-> 
Lipase concentration, 
и g-> 
preparations 
N X s N X s N X s N X s 
E31 3 7 0 2 30 .0 3 4 8 6 6 8 25 096 3 1 050 2 4 0 4 
2 
11.0 
168* 
2 . 0 
E32 3 5 1 1 5 .1 3 139 2 0 0 30 000 3 3 690 1 120 4 41 .5 1 .3 
MR 3 5 1 3 10.5 3 4 6 5 2 2 22 089 3 500 60 2 4.8* 
N = n u m b e r of m e a s u r e m e n t s 
x = a r i t h m e t i c a l ave rage of t h e e x p e r i m e n t a l r e su l t s 
s = s t a n d a r d dev ia t ion 
* = d a t a f r o m MORVÁI ( 1 9 7 1 ) used for p u r p o s e s of c o m p a r i s o n . ( S u b s t r a t e : 
o l ive oil e m u l g a t e d w i t h lec i th ine . A c t i v i t y is m e a s u r e d b y the n u m b e r of //moles of 
f a t t y acid l i be r a t ed in one hour . ) 
af ter the addition of 0.5 ml of the fraction in the desired dilution. The quanti ty 
of enzyme necessary for the clotting of 1 ml of milk at 35° С in 40 minutes 
equals 1 Soxhlet unit (SU). 
In the enzyme preparations E31 and E32 subjected to fractionation, the 
lipase activity was determined on a substrate, containing 3 % of tributyrin 
stabilized with a 5 % gum arabic solution. The quantity of liberated butyric 
acid was determined by t i t rat ion with NaOH to a constant p H value of 8.0 a t 
30 °C as a function of reaction t ime. In the first 5 minutes a linear relationship 
was obtained without exception, so that f rom the initial reaction period the 
value of activity was determined and expressed in //moles of butyric acid. 
Activity was measured with t he pH-stat of Radiometer, Copenhagen. 
Lipase was semi-quantitatively determined after isoelectric focusing on 
5-mm thick plates containing 0.15% of t r ibutyr in and 15% of agar-agar by 
means of the agar-diffusion method. Holes of 7 mm diameters were made into 
the plates and enzyme activity was expressed as the diameter of the hvdro-
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lysis zone obtained wi th 0.05 ml of t he f ract ions incuba ted a t room t empe ra -
ture for one to three days . 
T h e protein conten t of the enzyme solution used for focusing a n d of t he 
f ract ions obta ined a f t e r focusing was de termined f r o m the O.D. va lues meas-
ured a t 260 and 280 n m a n d calculated b y means of t h e formula of C O L O W I C K 
a n d K A P L A N ( 1 9 5 7 ) . 
T h e protein con ten t , milk-clott ing, proteolyt ic enzyme and lipase con-
cen t ra t ions in the inves t iga ted p repara t ions are given in Table 1. 
2. Results 
Fi rs t , the enzyme prepara t ions were invest igated in the p H gradient 
between 3 a n d 10 p H , t h e n , depending on the appearance of enzyme act iv i ty , 
a n d in order to achieve be t te r resolut ion, the run was repeated in t he 3 t o 
6 or 7 t o 10 p H range. 
Fig . 1. F r a c t i o n a t i o n of t h e e n z y m e p r e p a r a t i o n E31 a c c o r d i n g t o t h e isoelect r ic p o i n t . 
A — 1 % of Ampho l ine , p H 3 t o 10; В — 1 % of A m p h o l i n e , p H 3 t o 6; P = p r o t e i n con-
t e n t (mg m l - 1 ) ; A 2 8 0 = a b s o r p t i o n m e a s u r e d a t 280 n m ; P A = p r o t e o l y t i c a c t i v i t y 
(O.D. a t 280 n m ) ; M = m i l k - c l o t t i n g a c t i v i t y (SU m l " 1 ) . T h e R o m a n n u m e r a l s r e p r e s e n t 
t h e s e p a r a t i n g f r ac t i ons of t h e p ro t eo ly t i c e n z y m e , t h e A r a b i c n u m e r a l s t h o s e of t h e 
m i l k - c l o t t i n g c o m p o n e n t s . T h e n u m b e r s in b r a c k e t s s t a n d n o t fo r t r u e f r a c t i o n s , b u t 
f o r p r o t r a c t e d f r a c t i o n c o m p o n e n t s 
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m 800 
- p H 3 - 1 0 
- pH 3 - 6 
рНЗ-10 
pH 3 - 6 
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 pH 
Fig. 2. Milk-clot t ing and pro teo ly t ic enzyme f r ac t ions of the enzyme prepara t ion E31 
vs. p H when r u n in two d i f fe ren t p H ranges. M T = t o t a l milk-clot t ing ac t iv i ty (SU); 
P A T = t o t a l p ro teo ly t ic ac t iv i ty . Fo r o the r legend see Fig. 1 
5 
4 
3 
2 -I 
1 
pH 3 - 6 
2% Ampholine 
< CL 
5 
4 
3 
2 
1 -
3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 pH 
В repeated run 
l pH 3.25-4.25 
I1 VI. 
f < 
ТЛ 
I. I W j S / '.(Vit) 
3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 pH 
Fig. 3. P ro teo ly t ic f rac t ions of t he enzyme p repa ra t ion ESI vs. p l f . A 2 % of Ampho-
line, p H 3 to 6; В — repeated r u n a f t e r t he collection of selected f rac t ions . For legend 
see Fig. 2 
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2.1. Enzyme preparation E31 
The results of focusing in case of the milk-clotting enzyme E31 are 
shown in Fig. 1. 
In pa r t "A" of the figure, along with the O.D. of the fractions at 280 n m , 
the calculated protein content is also shown. Since the curve of the protein 
content fits well the absorbance curve measured at 280 nm, it failed to provide 
fur ther information, so t h a t in the next experiments these values had to be 
disregarded. 
Fig. 4. Milk-clot t ing f rac t ions of t he enzyme p repa ra t i on E31 vs. p H when run i n ' t w o 
di f ferent p H ranges. F o r legend see Fig. 2 
From the results of the experiments performed in the p H range between 
3 and 10, it seemed tha t the major par t of both the proteolytic and the milk-
clotting enzyme activity belongs to the p H range between 3.70 and 4.17 
(53 and 59%, resp., of the total activity, see Tables 2 and 3). 
This is particularly conspicuous when the run is performed in a nar-
rower pH range (Fig. i B) where both the proteolytic and the milk-clotting 
enzymes give two distinct fractions. This division is clearly visible in Fig. 2 
in which the activities are plotted as a function of pH. 
Comparison of the da t a in the tables and Fig. 2 shows that the two 
main components of the milk-clotting enzyme are si tuated within a p H range 
of 0.2. Nineteen per cent of the total milk-clotting activity has an isoelectric 
point of 3.83 and 62 % a p i value of 4.11, while the p i of 23 % of the proteolytic 
activity is 3.83 and within a p H range of 0.36, and 35% has a p i of 4.11 within 
a p H range of 0.17. 
If the run is carried out within a very narrow p H range, separation will 
be even sharper, as shown in Figs. 3 and 4. 
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Table 2 
Isoelectric points of the proteolytic fractions 
of enzyme preparations of Mucor origin and the distribution 
of fractions according to their pi values 
Symbol of enzyme 
preparations 
Focusing conditions 
Number 
of fraction p i pH range 
Enzyme activity 
in % of the 
overall activity 
after focusing 
E31 (I)* 1 .92 - 3.53 16 
pH 3 - 1 0 (П) — 3 . 5 3 - 3.79 15 
I I I 3.99 3 . 7 9 - 4.17 53 
(IV) — 4 . 1 7 - 4.51 14 
(V) — 4 . 5 1 - 4.98 2 
E31 (I) 1 .92 - 3.19 13 
pH 3 - 6 11 3.83 3 . 5 4 - 3.90 23 
I I I 4.11 4 . 0 2 - 4.19 35 
E31 (I) 3 . 3 2 - 3.57 8 
pH 3 - 6 I I 3.76 3 . 5 7 - 3.81 14 
2% Ampholine I I I 3.89 3 . 8 1 - 4.02 23 
IV 4.06 4 . 0 2 - 4.12 9 
V 4.34 4 . 1 9 - 4.58 14 
E31 I 3.56 3 . 5 0 - 3.69 7 
pH 3 .25 -4 .25 (II) — 3 . 6 9 - 3.78 5 
(repeated run) I I I 3.81 3 . 7 8 - 3.82 16 
IV 3.83 3 . 8 2 - 3.85 12 
(V) — 3 . 8 5 - 3.98 12 
VI 4.01 3 . 9 8 - 4.02 15 
(VII) 
— 
4 . 0 2 - 4.16 14 
E32 I 9.34 8 . 6 4 - 10.28 79 
pH 3 - 1 0 (II) — 6 . 3 3 - 8.64 13 
E32 I 9.13 9 . 0 6 - 9.20 7 
pH 7 - 1 0 I I 8.81 8 . 4 9 - 8.98 58 
I I I 8.37 8 . 2 0 - 8.49 12 
(IV) — 7 . 9 8 - 8.20 8 
(V) 
— 
6 . 5 0 - 7.85 9 
MR I 1.89 1.69 — 2.18 8 
p H 3 - 1 0 (11) — 2 . 1 8 - 3.50 3 
I I I 4.04 3 . 8 6 - 4.23 75 
(IV) — 4 . 6 2 - 5.03 3 
V 5.28 5 . 0 3 - 5.52 1 
MR (I) _ 1 . 6 6 - 2.96 13 
pH 3 - 1 0 (II) — 2 . 9 6 - 3.76 17 
(repetition) I I I 3.98 3 . 8 6 - 4.07 27 
(IV) — 4 . 0 7 - 4.44 20 
(V) 
— 
4 . 9 7 - 5.39 3 
MR (I) 1 . 7 4 - 3.29 2 
pH 3 - 6 (II) — 3 . 2 9 - 3.80 22 
I I I 4.00 3 . 8 3 - 4.11 51 
IV 4.68 4 . 5 5 - 4.78 4 
* The R o m a n numera l s in t he b racke t s do no t represen t t r ue f ract ions , on ly 
pro t rac ted f r a c t i o n componen t s 
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Tab le 3 
Isoelectric points of the milk-clotting fractions 
of the investigated enzyme preparations of Mucor origin 
and distribution of the fractions according to their 
pi values 
Symbol of enzyme 
preparations 
.Focusing conditions 
Number 
of fraction Pi pH range 
Enzyme activity 
in % of the 
overall activity 
after focusing 
E31 1 2.63 2 .16 -3 .23 21 
pH 3 - 1 0 2 3.99 3 .70 -4 .17 59 
(3)* 
— 
4.17 4.51 14 
E31 1 3.83 3 . 7 3 - 3 . 9 3 19 
pH 3 - 6 2 4.11 3 .97-4 .19 62 
E31 1 3.67 3 .37-3 .76 13 
p H 3 - 6 2 3.79 3 .76 -3 .83 18 
2% Ampholine 3 3.98 3 .83-4 .12 64 
E31 (1) 3 .82 -3 .89 9 
pH 3 .25-4 .25 2 3.98 3 .89-4 .02 78 
repeated run 
E32 — — 
pH 3 - 1 0 
E32 1 8.73 8 .62-8 .81 minimal 
p H 7 - 1 0 
MR (1) 1 .76-3 .50 8 
pH 3 - 1 0 (2) 3 .50-3 .86 8 
3 1.04 3.86 4.23 70 
MR 1 3.98 3.76 4.31 90 
pH 3 - 1 0 
(repetition) 
MR (1) 1 .91-3 .62 7 
pH 3 - 6 (2) — 3 .62 -3 .83 19 
3 4.00 3.85- 4.07 66 
* The mean ing of t he numera l s in b r a c k e t s is the same as in Table 2 
In th i s experiment the Ampholine concentration was 2 % (pH 3 to 6) 
in the first run, then the fractions containing the enzyme were collected and 
the run repeated without the addition of more Ampholine. In this case a linear 
p H gradient was obtained between p H 3.25 and 4.25 in 3/4 of the to ta l volume 
of the column. Under these conditions it was possible to separate components, 
the isoelectric points of which differed only by a few hundredths , as can be seen 
in the figures. The p i values of the main components of proteolytic act iv i ty 
are 3.81, 3.83, and 4.01; t h a t of the enzymes with milk-clotting activi ty 3.98, 
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thus it is possible to separate to a certain degree the two types of enzymes on 
the grounds of their isoelectric points. Similarly to the proteolytic enzyme, 
lipase, too, has three main fractions with p i s of 3.81, 3.83 and 4.01, and 
a mailer fraction with anr isoelectric point of 3.64. Thus, under the given experi-
mental conditions, the milk-clotting and lipase components can also he sepa-
sated to some degree. 
2.2. Enzyme preparation E32 
Other tests have shown tha t the enzyme preparation E32, produced 
by submerged fermentation, has properties differing from those of the prepara-
tion E31 (MORVÁI, 1 9 7 1 ; VÁMOS-VIGYÁZÓ & MORVAI-RÁCZ, 1 9 7 0 ; VÁMOS-
VIGYÁZÓ et al., 1 9 7 3 ) . For this reason, the investigation of t he isoelectric point 
of the enzyme appeared to be particularly promising. 
The results of fractionation in the p H range between 3 and 10 are shown 
in Fig. 5 A. In this experiment the proteolytic component of the enzyme gave 
Fig . 5. F r a c t i o n a t i o n of t he e n z y m e p r e p a r a t i o n E32 accord ing t o t h e isoelectric p o i n t . 
A — 1 % of A m p h o l i n e . p H 3 t o 10; В — 1% of A m p h o l i n e , p H 7 t o 10 a n d reversed p H 
g rad ien t . A 2 2 0 = a b s o r p t i o n m e a s u r e d a t 220 n m . F o r o t h e r l egend see F ig . 1 
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essentially a single fraction, t he maximum of which was a t a p i value of 
9.34, bu t , as appears from Fig. 6 and Table 2, the major p a r t of total activ-
ity (79%) was s i tuated in a wide pH range (within 1.64 p H units). The 
milk-clotting ac t iv i ty of the enzyme was so severlv damaged by focusing t h a t 
it could no longer be measured by the method hitherto appl ied (Table 3). 
I t was assumed tha t the milk-clotting ac t iv i ty of the enzyme preparation 
E32 might not be stable near to its isoelectric po in t and therefore experiments 
were carried out t o determine t h e milk-clotting activity of enzyme solutions, 
t he p H values of which were ad jus t ed in the range between 7.0 a n d 10.0 on a 0.5-
increment when the enzyme was s tored at room temperature for 1, 2 and 3 days, 
respectively. In th is case the ac t iv i ty was also measured at p H 6.0. The results 
Fig . 6. Pro teoly t ic f rac t ions of t h e enzyme p repa ra t ion E32 vs. p H w h e n run in t w o 
different p H ranges . For legend see Fig. 2 
indicate tha t up to p H 8.5, s torage for 3 days causes a loss in activity of 
abou t 20%. Above p H 9, a loss of nearly the same extent appears already in 
t he activi ty of freshly prepared enzyme solutions and at p H 9.0 a 70%, a t 
p H 9.5 a 95% loss in activity is incurred a f t e r 3 days. I t should be noted 
t h a t not more t h a n 18% of t he proteolytic act ivi ty was recovered a f te r 
focusing (Table 4). In our enzyme fractionations this was t he only enzyme 
preparat ion which lost so much of activity dur ing focusing. 
Runs were also performed in narrower p H ranges (between 7 and 10), 
mainly in order t o determine more accurately the value of t he isoelectric 
poin t of the proteolytic component . In this experiment, bearing in mind the 
preparat ive aims, the poles of t h e current source were interchanged so as t o 
obtain the enzyme at the lowest possible saccharose concentrat ion and t o 
facil i tate thereby fur ther separat ion. The resul ts of focusing are shown in 
Fig. 5 B; proteolytic activity vs. p H was p lo t ted in Fig. 6. 
I t appears f rom the figures t ha t from the proteolytic component one 
main and two smaller fractions were obtained. I n a p H range of 0.49, 58% of 
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T a b l e 4 
Enzyme activities recovered after isoelectric focusing 
of enzyme preparations of Mucor origin expressed 
as percentage of the overall applied activity 
Symbol of enzyme 
preparations 
Proteolytic 
activity 
(%) 
Milk-clotting 
activity 
(%) 
E31 pH 3 - 1 0 53 81 
E31 pH 3 - 6 50 127 
E31 pH 3 - 6 2% Ampholine 59 129 
E31 pH 3 .25 -4 .25 (repeated 105 43 
run) 
E32 pH 3 - 1 0 18 0 
E32 pH 7 - 1 0 24 minimal 
MR pH 3 10 87 147 
MR pH 3 10 (repetition) 55 190 
MR pH 3 - 6 49 174 
the to ta l activity can be detected in the main f ract ion with a max imum at 
p i 8.81 (Table 2), thus t he resolution of activity has been considerably higher 
than in t he run in the p H range f rom 3 to 10, as can clearly be seen in Fig. 6. 
In this experiment, too, only a min imum milk-clotting activity was detected 
a t p i 8.73 (Table 3), where a slight lipase activity was also shown to exist. 
Dextran Blue 2 000 
0 2 4 6 8 10 12 14 16 Frac t ion No. 
И J 1 j- 
0 15 3 0 45 V o l u m e (ml) 
Fig. 7. F r ac t i ons of m a x i m u m proteoly t ic ac t iv i ty ob ta ined b y the focus ing of the 
enzyme p repa ra t ion E32 w i t h Amphol ine be tween p H 7 t o 10. Saccharose a n d Ampho-
line were removed on a Sephadex G-25 co lumn . A 2 8 0 = a b s o r p t i o n measured a t 280 run 
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In this experiment a phenomenon was observed which did not seem to 
occur in the case of the other preparations. Proteolytic activity did not coin-
cide with the absorption maximum at 280 nm, b u t showed monotonously 
decreasing O.D. values in the UV range from 220 n m upwards. This led us 
to the measurement of the absorbance of the fractions obtained by focusing 
also at 220 nm. I t appears from Fig. 5 В tha t there is a lower extinction peak 
together with proteolytic activity at 220 nm, indicating that we are dealing 
here with an enzyme which is essentially different f rom the enzyme preparat ion 
E31. 
The four fractions of maximum proteolytic ac t iv i ty were collected, and 
purified f rom saccharose and Ampholine on the Sephadex G-25 column 
(Fig. 7). I t was a t t empted to recover the milk-clotting activity in this way. 
However, the fract ions with maximum absorption possessed only pro-
teolytic activity, their milk-clotting component was hardly measurable. Thus, 
inactivation is an irreversible process. 
2.3. The enzyme preparation Meito Rennet 
For the sake of comparison, the isoelectric point of the enzyme prepara-
tion Meito Rennet was also determined. The proteolytic and milk-clotting 
activities vs. pH were plot ted in Fig. 8. 
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The run in the pH range between 3 and 10 resulted in 3 fractions with 
proteolytic and in 1 fraction with milk-clotting activity. The main fraction 
of the proteolytic component (containing 75 % of the total activity) and the 
milk-clotting component were found at p i 4.04 in a 0.37 p H range. The other 
two fractions of the proteolytic component made up 8% of t o t a l activity and 
were at p i 1.89 within a p H range of 0.49, while 1% of to t a l activity was 
measured at p i 5.28 in a p H range of 0.49. Lipase activity was detected 
between p H 2.0 and 4.8 with a maximum at p H 4.0. 
When the experiment was performed in a narrower p H range, two 
proteolytic and 1 milk-clotting fractions were obtained f rom the enzyme. 
The isoelectric point of the main fraction was shifted to p i 4.0 and contained 
5 2 % of the proteolytic activity in a pH range of 0.28, as well as 66% of the 
milk-clotting act ivi ty within a p H range of 0.22. The proteolytic component 
gave a fur ther smaller fraction a t p i 4.68, representing 4% of t he total activity 
in a pH range of 0.23. 
2.4. Ampholine 
Since in the focusing of these enzyme preparations the absorption curves 
of the fractions a t 280 nm showed a smaller maximum in t he most highly 
alkaline region and a very high peak in the most acid region a t which no 
enzyme activity was detectable, a control run was performed with 1 % of 
Ampholine between p H 3 and 6. The O.D. at 280 nm and conductivity of the 
fractions were measured. The results are shown in Fig. 9. 
(Л OL 
ДО Fraction No. 
10 20 30 40 50 60 70 80 90 100 110 Volume (ml ) 
Fig . 9. F r a c t i o n a t i o n of Amphol ine , p H 3 to 6, w i t h o u t protein. T h e concentra t ion 
of Amphol ine : 1 % . A 2 8 0 = a b s o r p t i o n measured a t 280 nm; С = conduc t i v i t y (/iS 
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I t can be seen in the figure tha t there is a high absorption peak between 
p H 6 and 10.5, as well as between pH 1.4 and 3.4 associated, mainly in the 
strongly acid region, with high conductivity. The O.D. of Ampholine is low 
where the pH gradient is linear (between 3.4 and 6 pH) with almost identical 
conductivities of the fractions, thus Ampholine does not interfere with separa-
tion in the important pH range of the experiment. 
3. Conclusions 
Assessment of the results prove the applicability of the method to the 
determination of the isoelectric points of the milk-clotting and proteolytic 
components and of the location of the lipase component of the investigated 
enzyme preparations. When the p H gradient is appropriately narrowed, the 
main par t of the enzymes gives a sharp peak within a p H range of 0.07 0.22, 
indicating the separability of protein components, the isoelectric points of 
which differ by not more than a few hundredths. This is particularly con-
spicuous when the preparation E31 is run twice, for then in 3/4 of the total 
volume of the column the linear p H gradient lies between p H 3.25 and 4.25. 
The method is well reproducible and the damage caused to the prepara-
tion is fairly slight, as from the majority of the preparations 50 to 80% of 
the applied enzyme quantity can he recovered (Fig. 4). 
I t occurred more than once in the course of our experiments that , a f te r 
focusing, 105 to 190% of the applied enzyme activity were recovered (Table 4). 
This finding might he explained by the separation of some enzyme-activity-
blocking agent(s) from the enzyme in the course of the focusing operation. 
V E S T E R B E R G ( 1 9 7 1 H ) made a similar observation in his s tudy of enzymes 
obtained by the fermentation of Staphylococcus aureus. 
Comparison of the investigated Mucor enzymes shows a great similarity 
between the isoelectric points of the main milk-clotting components of the 
two enzyme preparations produced by surface fermentation (E31 and MR). 
There is, however, a marked difference between E31 and the preparation 
produced by submerged fermentation (E32), not only with regard to their 
p i values, but also inasmuch as in the case of E32 proteolytic enzyme activity 
is not associated with an absorption maximum at 280 nm which would charac-
terize tyrosine and tryptophane, but has a smaller maximum at 220 nm. This 
suggests another composition of E32 than t h a t of E31 and MR. These experi-
ments support our earlier assumption, namely that , under the conditions of 
submerged fermentation, the mould Mucor pusillus Lindt synthetizes an 
enzyme of other composition and properties than the one synthetized in sur-
face fermentation ( P O Z S Á R - H A J N A L et al., 1 9 7 4 a,b). 
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In addi t ion, under t h e given condit ions, the p repa ra t i on E32 appeared 
to lie highly sensitive. W e could only recover 18 t o 2 4 % of the proteolyt ic 
ac t iv i ty a f t e r focusing, while milk-clott ing and lipase act ivi t ies were deterio-
ra ted to a degree t h a t t h e y could not be de tec ted or were de tec ted in very small 
quant i t ies only. This e n z y m e behaved different ly f rom t h e others also when 
f r ac t iona ted on an ion exchanger or by some electrophoret ic technique (MOR-
VÁI, 1 9 7 1 ; V Á M O S - V I G Y Á Z Ó & M O R V A I - R Á C Z , 1 9 7 0 ; V Á M O S - V I G Y Á Z Ó etal., 
1 9 7 3 ) . 
* 
T h e a u t h o r s wish t o e x p r e s s the i r t h a n k s t o D r . I . K i s s , h e a d of d e p a r t m e n t a n d t o 
Mrs . G. KOVÁCS-PROSZT, s en io r research w o r k e r , for the i r u s e f u l adv ice a n d a s s i s t ance . 
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MORPHOLOGICAL CHARACTERISTICS OF THE SPORE 
HEAD OF PEN 1CILLIUM PURPUROGENUM AS AFFECTED 
BY GAMMA IRRADIATION 
E . N Y E R G E S - R O G R Ü N 
(Rece ived December 22, 1973) 
U p o n i r rad ia t ion in t h e mois t s t a t e w i t h 150 k rad , t n e conidia of Penicil-
lium purpurogenum f o r m e d a p rogeny w i t h b r u s h e s identical t o t h o s e of the c o n t r o l . 
W h e n i r r a d i a t e d with 250 k r a d , the m e t u l a e of t he b r u s h e s w e r e e longated a n d 
u p o n t r e a t m e n t wi th 350 k r a d t h e b r u s h e s w e r e r u d i m e n t a r y . 
Morpho log ica l c h a n g e s were o b s e r v e d also a t 150 k r a d when i r r a d i a t i o n 
was c o m b i n e d wi th h e a t t r e a t m e n t . T h e morpholog ica l c h a n g e s upon v a r i o u s 
combined t r e a t m e n t s b e c a m e a p p a r e n t in t h e elongation of t h e me tu la a n d of 
t h e s t e r i g m a , in t he r e d u c t i o n of their n u m b e r s , in the f o r m a t i o n of the so-ca l l ed 
sub-head , i n t h e i r regular s e p a r a t i o n of t h e con id i a f rom t h e m e t u l a and in o t h e r 
d e f o r m a t i o n s . 
A f t e r f r a c t i o n a t e d i r r ad ia t ion t h e b r u s h e s are d e f o r m e d t o such an e x t e n t 
t h a t t h e i r e l e m e n t s a re h a r d l y recognizable . 
In preliminary experiments in collaboration with F A R K A S and co-work-
ers ( 1 9 7 2 ) , the microbial flora of bread, s t rawberry, tomato and grapes irradi-
a ted with various doses, was investigated. Of the fungi selected after radiation 
treatment , the progeny of the Botrytis species grown on nutr ient , were found 
to be deformed. These observations induced us to investigate the morpho-
logical changes (POMPER & ATWOOD, 1955) occurring in fungi upon irradiation 
with increasing doses. In the s tudy of complex radiation effects, the establish-
ment of lethal doses may be affected not only by the change in sporulation 
( W E B B et al., 1 9 6 9 ; BUCKLEY et ál., 1 9 6 9 ; SOMMER et al, 1 9 6 7 , 1972) a n d b y 
the reduction of toxin production (WILSON & WILSON, 1 9 6 4 ) , but also by t h e 
modification of the morphological characteristics. 
1. Materials and methods 
1.1. Test fungi 
The preliminary experiments were performed on 3 fungal species (As-
pergillus, Penicillium, Botrytis) of the mould collection of the Research In-
stitute for Viticulture and Enology, originally selected from grapes. The conidia 
of these species were irradiated with various doses and the changes appearing 
in the progeny were observed. Penicillium purpurogenum Stoll, strain No. 787, 
appeared to be a particularly suitable test material, therefore, in the detailed 
s tudy, only th is strain was used. 
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On the basis of the work of RAFER a n d co-workers (1949), the test fungus 
was found to belong to the Biverticillata group and its morphological charac-
teristics showed it to be identical with Penicillium purpurogenum Stoll, grown 
on Czapek nutr ient agar. 
1.2. Radiation treatment 
Irradiat ion was carried out in the 20 kCi RH-gamma-30 radiation source 
of the Central Food Research Institute, Budapest , at a dose rate of 870 krad 
h" 1 . The doses applied were 100, 150, 200, 250, 300, 350 and 400 krad , re-
spectively. 
1.3. Treatment of the dry and moist conidia 
The conidia of Penicillium purpurogenum grown on Czapek agar s lants 
in test tubes were irradiated with 100, 200 and 400 krad , respectively. 
Treatment A. The conidium mass of one test t u b e was suspended in 
0.1 ml Tween-80 (0.02%) in 4 ml liquid a n d the moist conidia thus obta ined 
were irradiated. 
After 24 hours the moist conidia were sparged in Czapek agar, solidify-
ing in a petr i dish of 10 cm 0 . The replicates were prepared by plating the con-
tents of a tes t tube in doses of 0.5 ml. 
Treatment B. The colonies were t aken out from the agar slant, a n d ir-
radiated directly, then placed into a d r y test tube. Af te r 24 hours, t h e dry 
conidia of the colonies were streaked on agar, using Tween-80. 
1.4. Microscopic study of the progeny 
Of the colonies grown on Czapek agar , 30 colonies of each variant were 
selected. Aqueous preparation was prepared of every colony. Data re la ted to 
30—50 brushes per variant were summarized and the average established. If 
the change in size was observed in more t h a n 50% of t he brushes measured, 
this was considered a size alteration. Other deformations of the brushes were 
considered individually. 
1.5. Combined treatment 
Heat t reatment was applied prior t o irradiation. 
Temperature. Period of treat-
°C ment, minute 
Dose level, 
krad 
30 5 150 250 350 
150 250 350 
150 300 — 
30 10 
50 10 
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The conidia were prepared according to Treatment A. The progeny was 
investigated according to para. 1.4. in the course of 14 days. 
1.6. Fractionated irradiation 
The dry colonies (Treatment B) of the tes t strain were irradiated with 
100 and 200 krad, resp., propagated, and the 10-day-oldsporulating progenies 
were again irradiated with 100 and 200 krad, respectively. Thus t he total dose 
applied was 200, 300 and 400 krad, respectively. 
The progenies were studied as described in Treatment В a n d para. 1.4. 
for a period of 14 days. 
2. Results 
2.1. Effect of irradiation in Treatments A and В 
Morphological differences were not observed between the jirogenies of 
Treatments A and В a t doses of 100 krad. 
Among the progenies of fungi treated with 200 krad, individual spore 
heads with elongated brush were found. Of the elements of t h e brush, the 
elongation of the metula was found characteristic. Instead of t he size 10— 
14 pm X 2.5—3 pm, as described in the identification key, t he metula was 
found to be longer by about 6 - 8 pm in the average, having a size of 18— 
20 pm X 3—3.5 pm. The number of metulae decreased from 5—7 to the aver-
age of 3—5 (Treatments A and B). In some of the metulae an increased dia-
meter and irregular shape were also observed (Treatment A). The sterigmata, 
originally parallel, became divergent and their size increased by about 2— 
4 pm (Fig. 1/ a to d). After t r ea tment with 400 krad, not a single conidium 
germinated. 
2.2. Morphological alterations upon combined treatment 
Heat t rea tment in itself caused no morphological changes in Penicillium 
purpurogenum; however, the combined t rea tment increased radiation sen-
sitivity in the spores. The study of conidia given a heat t reatment of 10 minutes 
at 30°C has shown a substantial increase in the number of germinated conidia 
in comparison with those treated only with 350 krad. 
In the progeny of fungi given a heat t rea tment of 5 minutes a t 30°C and 
a radiation dose of 150 krad, the metulae and sterigmata were found to be 
elongated. The average size of the metulae was 20—22 pm X 4—5 pm, while 
the size modification of the ster igmata was no t consistent (Fig. 2/a). After 
t reatment with 250 krad the elongation of the metulae increased, the number 
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Fig. l/a Fig. 1/b 
Fig. 1/c Fig. 1/d 
Fig. 1. Development of wet and dry conidia of Pénicillium purpurogenum aa affected by gamma radiation, a — Culture 
not irradiated (control); b — culture outgrown of conidia irradiated with 100 krad; c — culture outgrown of dry conidia 
irradiated with 200 krad; d — culture outgrown of wet conidia treated with 200 krad (irregular brush) 
Fig. 2¡a Fig. 2/b 
Fig. 2/c Fig. 2/d 
Fie 2 Influence of hea t (30°C, 5 min) and radiat ion t r ea tmen t on the conidia of Pénicillium purpurogenum. a - Dose level: 150 
krad (ereat number of brushes with elongated metulae); b - dose: 250 krad (reduced number of metulae and s t engmata ) ; c - dose: 
250 krad (formation of "sub-heads") ; d - dose: 350 krad ( rudimentary brush) 
Fig. 3/a 
(For legend see p . 90) 
Fig. 3/b 
Fig. 3/c 
(For legend see p. 90) 
Fig. 3/d 
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Fig. 3/e 
Fig. 3. ( F o r Figs. 3/a —3/d see pp. 88 — 89) Inf luence of h e a t and rad ia t ion t r ea tmen t 
on t he conidia of Penicillium purpurogenum. a - Heat t r e a t m e n t : 10 min a t 30 °C and 
150 k r a d ( rud imenta ry b r u s h ) ; b - 10 m i n a t 30°C and 250 k r a d ((conidium separat ing 
f rom m e t u l a ) ; с 10 m i n a t 50°C and 150 krad (defective and deformed brush) ; d & 
e — 10 m i n a t 50°C and 300 krad (e lements of brush e longa ted , conidium n o t formed) 
of metu lae and s ter igmata decreased (Fig. 2/6) and the formation of "sub-
heads" was observed. (Fig. 2/c) Upon t reatment with 350 krad, only a single 
rud imenta ry colony or brush was fo rmed (Fig- 2/d). 
A f t e r t reatment a t 30 °C for 10 minutes and wi th 150 krad t he brush 
formed contained only a few elongated metulae a n d a single s ter igma (Fig. 
3/a). Following t r ea tmen t with 250 k r a d , only rud imenta ry brush was formed. 
In some of the samples the conidium separated irregularly directly form the 
metula (Fig. 3/6). Af t e r t reatment w i t h 350 krad brushes were no t formed 
at all. 
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Fig. 4/a Fië- 4/b 
Fie 4 Effect of fractionated radiation treatment upon the conidia of Pénicillium purpurogenum. a - deformed brush 
developed upon treatment with a total dose of 100 + 100 krad; 6 - effect of a total dose of 100 + 200 krad 
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The spore heads of fungi given 10-minute t rea tment at 50°C and irradi-
ated with 150 krad (Fig. 3/c) were characterized by deformed brushes and 
minimal conidium development. Upon t reatment with 300 krad extremely 
elongated, completely deformed, defective brushes were produced (Fig. 
3/rf & e). 
2.3. Effect of fractionated radiation treatment 
Upon fractionated treatment with a to ta l of 200 krad, the progeny 
developed elongated, ye t recognizable brushes. Upon treatment with 300 krad, 
the brushes were several times the lengtli of those of the control samples and 
completely deformed (Fig. 4/a & h). The dose of 400 krad had a lethal effect. 
3. Conclusions 
In these preliminary experiments it was no t our aim to statistically 
evaluate the correlation between the increase of radiation dose and the germi-
nation (survival) of conidia, as shown earlier by W I L S O N and W I L S O N ( 1 9 6 4 ) , 
K O P E L M A N and co-workers ( 1 9 6 7 ) a n d observed by us, too. 
The composition of the nutr ient on which the conidia are streaked af ter 
irradiation is also of interest. We used Czapek's medium because R A P E R and 
co-workers ( 1 9 4 9 ) identified Penicillia on this medium and the size da ta 
published by them served as a basis for comparison. B U C K L E Y and co-workers 
( 1 9 6 9 ) and S O M M E R and co-workers ( 1 9 7 2 ) continued their investigations 
2 4 — 4 8 hours after irradiation. During this period the cells regenerate to some 
extent. In our experience 24 hours are sufficient for this. 
According to W E B B and co-workers ( 1 9 6 9 ) a n d S O M M E R and co-workers 
( 1 9 7 2 ) , the moisture content of spores or conidia prior to irradiation, as well as in 
the developmental s tage of the mycelia, affects the radiation resistance of 
fungi. In our experience conidia irradiated in the wet state proved to be more 
radiation-sensitive t h a n those t reated in the dry s t a t e and the brush developed 
by the former differed substantially from that of the control. 
Radiation t r ea tmen t combined with heat t rea tment (Kiss & C L A R K E , 
1 9 6 9 ; R O Y et at., 1 9 7 2 ; S O M M E R et at., 1 9 7 2 ) is more effective than radiation 
t rea tment in itself. In our experience the combination of these two treatments 
has far-reaching morphological and biological effects. 
I t is of interest to mention t h a t the metabolism of the fungus was also 
affected by the combined treatment . Penicillium purpurogenum is known to 
produce a deep-red pigment , purpurogenon diffusing into the nutr ient (TUR-
NER, 1971). This p igment was produced by the test species a f te r 5-minute 
t rea tment at 3 0 ° C and irradiation wi th 150 krad, in an amount equal or nearly 
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equal to that produced hy the control (measured with Unicam spectrophoto-
meter at 420 and 520 nm). After t rea tment with 250 krad, however, the solu-
tion was only pale pink. 
Radiation sensitivity or the lethal radiation dose is characteristic of the 
species (MOHYUDDIN & S K O R O P A D , 1 9 6 9 ; W E B B et al., 1 9 6 9 ) . In our s tudy, 
too, Botrytis, Aspergillus and Alternaria species and certain yeasts were more 
resistant to radiation t rea tment than Penicillium purpurogenum. A radiation 
dose of 400 krad proved to be lethal for the latter. 
In conformity with the findings of P O M P E R and A T W O O D ( 1 9 5 5 ) , it was 
established tha t the morphological changes increased proportionally with 
increasing radiation doses. In order to confirm the observations, we varied 
the radiation doses and applied combined treatment. 
Fractionated t rea tment caused similar, in certain cases more excessive 
morphological changes than the same dose in a single t reatment . 
* 
T h e a u t h o r wishes t o t h a n k Dr . I . K i s s for p e r f o r m i n g i r r a d i a t i o n and Iiis v a l u a b l e 
adv ice a n d Mrs. A. K O S Z M U S Z fo r he r d e v o t e d t echn ica l a s s i s t ance . 
Literature 
BUCKLEY, P . M . , SOMMER, N . F . , GÖRTZ, J . H . & MAXIE, E . С . ( 1 9 6 7 ) : E f f e c t o f c h e m i c a l 
p r o t e c t i o n on r e p a i r of po t en t i a l l y l e tha l i r r ad ia t ion i n j u r y in Rhizopus stolonifer 
spo rang iophores . Radiation Research, 30, 275 —282. 
B U C K L E Y , P . M . , S O M M E R , N . F . , C O O N , D . A . , D A L L Y , M . & M A X I E , E . C . ( 1 9 6 9 ) : I n -
a e t i v a t i o n of Rhizopus stolonifer s po rang iospo re s b y s ingle a n d c o m b i n e d t r e a t -
m e n t s of hea t ing , chi l l ing and g a m m a i r r ad i a t i on . Radiation Research, 40, 26 — 36. 
F A R K A S , J . , K i s s , I . & B E N C Z E - B Ő C S , J . ( 1 9 7 2 ) : R e d u c t i o n of spoi lage losses of s t r a w -
be r r i e s b y ioniz ing r a d i a t i o n . Acta Alimentaria, 1, (2), 203 - 2 1 3 . 
K i s s , I . & C L A R K E , D . I . (1969): É lesz tők p u s z t u l á s á n a k v i z s g á l a t a besugárzás , h ő k e z e -
lés és ezek k o m b i n á c i ó j á n a k h a t á s á r a . (A s t u d y of t he d e a t h of yeas t s u p o n h e a t 
t r e a t m e n t , i r r a d i a t i o n and t h e c o m b i n a t i o n of bo th ) . Elelmiszertudomány, 3, (2), 
1 1 5 - 1 2 6 . 
K O P E L M A N , M . , M A R K A K I S , P . & S C H W E I G E R T , В . S . ( 1 9 6 7 ) : E f f e c t of ionizing r a d i a t i o n 
o n res t ing con id ia of Aspergillus flavus. Journal of Food Science, 32, 694 696. 
M O H Y U D D I N , M . & S K O R O P A D , W . P . (1969): E f f e c t of 60Co g a m m a i r r ad ia t ion o n t h e 
s u r v i v a l of some f u n g i in single s a m p l e s of each of t h r e e d i f f e r e n t g rades of w h e a t . 
Plant Pathology, 8, Í8. 
P O M P E R , S . & A T W O O D , К . C . : R a d i a t i o n s t u d i e s on fung i . — in: H O L L A E N D E R , A . ( 1 9 5 5 ) : 
Radiation Biology, Vol . 2, I I . M c G r a w - H i l l Book C o m p . I n c . N e w Y o r k T o r o n -
t o — L o n d o n . 
R A P E R , К . В . , THOM, C H . & F E N N E L , D . I . ( 1 9 4 9 ) : A Manual of the Penicillia. W i l l i a m s — 
Wilk ins , B a l t i m o r e . 
ROY, К . , СНАТЕТН, M. S. & MUREWAR, P . M. (1972): G a m m a r a d i a t i o n in t h e e x t e n s i o n 
of shelf- l i fe of a p p l e s infec ted w i t h Aspergillus niger v a n Tieghem. Fhytopathol. 
Zeitschrift., 75, 31 — 37. 
S O M M E R , N . F . , F O R T L A G E , R . J . , B U C K L E Y , P . M . & M A X I E , E . C . ( 1 9 6 7 ) : R a d i a t i o n -
h e a t synerg i sm f o r i nac t i va t i on of m a r k e t disease f u n g i of s tone f r u i t s . Phyto-
pathology, 57, 428 — 435. 
6* Acta Alimentaria 4, 1975 
9 4 N Y E R G E S - R O G R Ü N : RADIATION E F F E C T S ON T H E S P O R E H E A D OF P . P l ' R P U R O G E N U M 
S O M M E R , N . F . , F O R T L A G E , R . J . , B U C K L E Y , P . M . & M A X I E , E . C. (1972): C o m p a r a t i v e 
s e n s i t i v i t y t o g a m m a r a d i a t i o n of conid ia , m y c e l i a a n d sc l e ro t i a of Botrytis cine-
rea. Badiation Botany, 12, 99 103. 
TURNER, W . B . (1971): Fungal Metabolites. A c a d e m i c Press , L o n d o n a n d N e w Y o r k . 
W E B B , B . D . , T H I E R S , Н . D . & R I C H A R D S O N , L . R . ( 1 9 0 9 ) : S t u d i e s in feed spoi lage . 
I n h i b i t i o n of mould g r o w t h b y g a m m a r a d i a t i o n . Applied Microbiology, 7, 329 — 
3 3 3 . 
WILSON, B. J . & WILSON, С. H . (1904): Tox in f r o m Aspergillus jlavus. P r o d u c t i o n on 
food m a t e r i a l s of a s u b s t a n c e causing t r e m o r s in mice. Science, 144, 177. 
Address of t he author: 
Edi t N Y E R G E S - R O G R Ü N Research Ins t i tu te for Viticulture and Enology, 
H-1022 Budapest , Herman Ot tó út 15. Hunga ry 
6* Acta Alimentaria 4, 1975 
Acta Alimentaria, Vol. 4. (l),pp. 95-112 (1975) 
ATTEMPTS TO INCREASE STORAGE STABILITY OF STRAW-
BERRY YOGHURT BY COMBINATION TREATMENTS 
I . Kiss 
(Received Ju ly 18, 1974) 
The a i m of the e x p e r i m e n t s was to es tabl ish whe the r t h e microbiological 
s tabi l i ty of s t r a w b e r r y y o g h u r t m i g h t be improved by decreasing t h e microbial 
load of the f r u i t . 
The e f fec t of hea t t r e a t m e n t , freezing, i r rad ia t ion and var ious combina-
t ions of these t r e a t m e n t s u p o n cell count a n d sensory qua l i ty w a s invest igated. 
I t was es tabl ished t h a t none of the indiv idual t r e a t m e n t s was ent i rely satis-
fac tory . Surfac ia l hea t t r e a t m e n t a t 55 °C, f reez ing and i r r ad i a t ion with 0.4 — 
0.6 Mrad subs tan t i a l ly increased t h e storage life of s t rawberr ies or t h a t of t he 
yoghur t p r epa red with this f r u i t ; when compared to y o g h u r t m a d e wi th f rozen 
s t rawberr ies b y t h e dairy f a c t o r y , the increase was '2.5fold a t 15 °C and 3.5fold 
a t 2 °C. The re la t ive increase of s torage life was lower a t lower yeast-cell counts . 
The s t rawberr ies i r r ad i a t ed wi th doses a b o v e 0.2 Mrad showed a roma a n d 
f l avour changes immediate ly u p o n t r ea tmen t . This effect , however , was el iminated 
a f t e r some d a y s . The yoghur t m a d e with s t rawberr ies given a r ad i a t i on t r e a t m e n t 
of 0.57 Mrad did no t differ organolept ical ly f r o m the yoghur t m a d e wi th u n t r e a t e d 
strawberries. 
In t h e knowledge of t h e survival r a t e of yeas t s a f t e r i r r ad ia t ion t he D 1 0 
values were establ ished. These were found in t h e dose range be tween 0.043 a n d 
0.087 Mrad. 
I t was established t h a t t h e applied h e a t t r e a t m e n t , f reez ing and i r radia t ion 
a t these dose levels and a t 103 — 104 cells per g r a m were no t suff ic ient f r o m the po in t 
of view of microbiological s t ab i l i t y . 
In accordance with up- to-date trends in nutr i t ion it is desirable to reduce 
the proportion of foods rich in calories while increasing the proport ion of foods 
rich in protein. Milk and dairy products play an important role in achieving 
this aim. This is the reason for the increasing populari ty in Holland of 
yoghur t containing f rui t . 
The storage life of this p roduc t at refrigerator temperatures (3 to 5°C) 
is relatively low. However, the symptoms of spoilage appear sometimes even 
before the end of th is period. Spoilage is caused in most cases by yeasts. The 
yeasts are introduced either with the fruit or the contamination occurs in the 
course of production. Along with t he fruit, beet sugar is added to the yoghurt . 
The proportion of t he latter is 8 %. If the tempera ture of the product rises 
above the given level, the ac t iv i ty of the yeasts becomes enhanced and this 
has t o be taken into account. Since the fruit is s tored frozen and receives heat 
t r ea tmen t prior t o utilization, only the yeasts surviving freezing and heat 
t r ea tmen t present a problem. 
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The aim of these experiments was to study the possibility of reducing 
the viable yeast count in strawberries by radiation t reatment , by investigating 
combination t reatments (heat t rea tment , freezing) permitting the extension 
of the storage life of strawberry yoghurt , while maintaining the quality of 
strawberries. 
1. Materials and methods 
1.1. Preservation of strawberries 
1.1.1. Materials. The Senga-Sengana strawberry variety was used in the 
experiments. Stem and sepal were removed in the processing plant and the 
f rui t was kept in storage at 10 °C. 
1.1.2. Heat penetration measurements in strawberry. Strawberries are 
highly sensitive to heat t reatment , therefore the changes in the quality of 
strawberries caused by reaching the required core temperature were investi-
gated. Measurements were carried out with a thermistor of 2 mm diameter 
a t 55, 65 and 75 °C, respectively. The calibration curve of the thermistor was 
determined in an ul t ra thermostat (Grant Instruments, Cambridge, Type SB 
4), filled with demineralized water, for the measurement of the change in 
resistance a measuring bridge (Philips, GM 4144) was used in the temperature 
range of 27.5 to 83.0 °C. The logarithm of the resistance was plotted as a func-
tion of temperature and the equation of the regression curve was established. 
On the basis of this calibration curve, the temperature in the cortex of straw-
berries as a function of the time of heat t reatment was plotted, taking into 
account the size of the frui t and its weight. 
1.1.3. Preservation experiments. Two experimental series were made. The 
effect of washing, heat t rea tment and freezing in combination with various 
radiation doses was investigated. At the same time, the effect of radiation 
t rea tment alone was also studied, though no substantial increase of storage 
life could be expected. In order to be able to observe the effect of the various 
t reatments , an a t tempt was made to increase the initial viable cell count of 
the strawberries. After washing, contamination and heat t reatment the straw-
berries were packed in polyethylene pouches, 200 g in each. 
In the first experimental series the effect of irradiation, washing, heat 
t rea tment and freezing was studied individually and in combination. Con-
taminated strawberries were exposed to the same t reatments . Heat t reatment 
was provided by immersing the f rui t in a water ba th of 55 °C for 2 minutes. 
For the freezing experiments the f ru i t was packed in pouches and frozen at 
—30 °C. Irradiation was carried out af ter this. 
In the second experimental series a 3-minute heat t reatment was given 
at 50 °C and 1 minute a t 55 °C. In this series only the contaminated strawberry 
samples were exposed to the different t reatments or their combination. 
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1.1.4. Contamination of strawberries with yeasts. To increase the yeast 
cell count in the strawberry, the samples were immersed for two minutes in 
a yeast suspension. The cell count of the suspension was ~ 106 m l - 1 , thus the 
initial yeast cell count of the sample could be increased by one order of magni-
tude. The contaminating microorganism was isolated by Dr. H. Labots (Neder-
landse Melk Unie N.V., Central Laboratorium, Breukelen) from a Bulgarian 
type yoghurt made with strawberries. The yeasts were propagated in liquid 
shake cultures in Erlenmeyer flasks at 25 ° C. [Composition of the nu t r ien t : 
5.0% glucose (Merck)', 0 .1% pepton (Oxoid)', 0.1% yeast extract (Oxoid); p H 
3.6—3.8 (adjusted with lactic acid); sterilization: 15 minutes at 115°C. Shak-
ing apparatus: Marius, Utrecht, Type 66 SS, number of strokes 200 m i n - 1 , 
length of stroke 10 mm.] After a growth period of 20 hours the to ta l cell 
count was ~ 108 m l - 1 . The culture was suspended in tap water thereby a t ta in-
ing a final concentration of 10е cells per ml. 
1.1.5. Irradiation. Irradiation was carried out with the 60Co radiation 
source of 200 000 Ci nominal activity of the Pilot Plant for Food Irradiation, 
Wageningen. In the first experimental series 0.18, 0.38 and 0.57 Mrad doses 
were applied, in the second 0.18 and 0.36 Mrad doses were applied at a dose 
rate of 0.2 Mrad h - 1 in both series. The doses absorbed were established with 
polymethylmethacrylate (PMMA-perspex) dosimeter or with the aid of a 
spectrophotometer (CHADWICK, 1970). 
During irradiation the temperature of the unfrozen samples was between 
25 and 28 °C and that of the frozen samples at —30 °C. The lat ter samples were 
kept in polystyrene cases cooled by cooling flasks. 
1.1.6. Storage of the samples. After treatment, the samples not frozen 
were stored at 2°C, while the frozen samples were kept a t —23 to — 25°C. 
1.2. Determination of the viable yeast count 
The samples to be processed were stored at 2°Cfor about 16 to 18 hours, 
then weighed with 0.1 g accuracy. They were diluted to 200 ml in a solution 
of 0.85% NaCI and 0.1 % pepton (Oxoid) and homogenized in an MSE Atomix, 
first for 30 sec at 6000 rpm, then for 50 sec at 12 000 rpm. Immediately upon 
t reatment or in the initial stage of storage, 10-fold dilutions were made of the 
basic suspension and the cell count was established by using pour-plate tech-
nique and pota to-dextrose-agar (Oxoid) nutrient. In later stages of storage, 
the Most Probable Number (MPN) technique was used to determine the cell 
counts. ( 5 x 1 0 ml, 5 x 1 ml, and 5 x 0 . 1 ml of the basic suspension was in-
oculated in the nutrient as described under para. 1.1.4. For 10 ml of inoculum 
a nutrient of double strength was used.) Propagation was carried out at 25 °C 
for 6 days. Applying the MPN technique, the positive samples were controlled 
under the microscope. 
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1.3. Sensory tests 
The organoleptic tests were carried out by a panel of 5 to 7 members, 
ranking for significance of difference t he multiple comparators ( K R A M E R , 
1956). The samples were ranked and the significance of differences between 
rank sums was calculated by using K R A M E R ' S tables ( K R A M E R , 1960). When 
the taste of strawberry was tested, the ranking was carried out after scoring. 
A 10-value scoring system was applied, where: 
9—10 scores: excellent, 
7— 8 scores: good, 
5— 6 scores: medium, 
4 scores: acceptable, 
3 scores: objectionable, 
1— 2 scores: bad. 
We established a difference in f lavour between strawberry yoghurt 
prepared with irradiated, a n d strawberry yoghurt prepared with unirradiated 
strawberries. These samples were compared by the tr iangular test method 
( B E N G T S S O N , 1 9 5 3 ) . 
1.4. Preparation of strawberry yoghurt and investigation of its storage life 
The storage life of strawberry yoghurt prepared with differently pre-
served strawberries was compared. 
In the first experiment the reference sample was frozen in the dairy 
factory and was heat t r ea t ed at 70 °C for 5 minutes before use. The other 
samples were heat t reated a t 55 °C for 1 minute, frozen and irradiated with 
0, 0.18 and 0.36 Mrad. In the second experiment the following t rea tments 
were applied: (a) control: frozen by us, before use heated a t 70°C for 5 minutes; 
(b) frozen and irradiated with 0.57 Mrad; (c) heated a t 55° С for 2 minutes; 
frozen and irradiated with 0.57 Mrad. 
1.4.1. Preparation of strawberry yoghurt. The factory-made plain yoghurt 
was homogenized, then mixed according to the customary formula (1 000 ml 
yoghurt, 100 g sugar, 100 g strawberries). In accordance with the industrial 
practice, the strawberries were heat t reated for 5 minutes a t 70 °C prior to use, 
then homogenized in an MSE Atomix for 60 seconds at 12 000 rpm. The 
mixture thus obtained was then homogenized with an aliquot of yoghurt for 
90 seconds, finally thoroughly mixed with the total amount of yoghurt. The 
strawberry yoghurt thus prepared was then filled into bottles of 125 ml capac-
ity, previously sterilized (2 atm, 20 min) and closed with aluminium foil. 
The samples were stored a t 2 and 15 °C, respectively. Each sample was made 
in 10 15 replicates. 
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1.4.2. Investigation of storage life. The beginning of fermentation is indi-
cated by the appearance of gas bubbles. With increasing intensity of fermenta-
tion, the number and size of the bubbles increases. In the case of high activity, 
the gas formed bulges on the aluminium foil, loosens it and often the yoghurt or 
serum overflows. Since gas formation is easy to observe, this was considered 
the sign of spoilage and was plotted a s a function of storage t ime. The time 
during which 20% of the samples underwent spoilage was considered the 
storability value. The relative keeping quality is the quotient of the times 
needed for 20% spoilage of the experimental and control samples. 
1.4.3. Determination of the viable yeast count in strawberries. The same 
method was applied as under 1.2. 
1.5. Determination of the radioresistance of yeasts isolated from strawberries 
In order to be able to estimate the dose required to reduce the cell count 
of strawberries, the radiation sensitivity of several yeast strains isolated from 
strawberries was tested. Some of these strains originated from fresh straw-
berries : 
Cryptococcus laurentii var. flavescens FRI-I-F230 (L2), 
Metschnikowia reukafii FRI-I-S240 (L6), 
Rhodotorula glutinis FRI-I-F368 (L7). 
These strains were isolated by J . A. B A R N E T T ( B U H A G I A R & B A R N E T T , 
1971). 
The author has also isolated strains from fresh strawberries. These, how-
ever, have not been identified yet and were marked KS31 and KS32. Two 
strains isolated from strawberries t r ea ted with 0.57 Mrad were marked KS33 
and KS34, respectively. 
Cultivation was carried out in the nutrient described under para . 1.1.4. 
at 15 and 20 °C (the f irst four strains were propagated a t 15 °C). The yeast cells 
were separated from the nutrient by centrifuging for 30 minutes at 2 °C 
[Christ (Osterode, Harz) Type U J 15, 3000 rpm]. The yeast cells were then 
suspended in the peptone—NaCl solution, centrifuged again and a suspension 
of 109 m l - 1 cell count was prepared with peptone—NaCl solution (pH = 5.0). 
1.5.1. Irradiation of the yeast cell suspension. Irradiation was carried out 
with the e°Co source of 200 000 Ci nominal activity of the Pilot P lan t for Food 
Irradiation. Radiation doses of 0.052, 0.105. 0.21 and 0.42 Mrad were applied 
at a dose ra te of 1.82 Mrad h - 1 . The absorbed doses were determined with 
PMMA-perspex. 
1.5.2. Determination of the surviving cells. After radiation t rea tment ten-
fold dilutions were made and the surviving cell count was established of the 
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f irst four strains, as described under para. 1.5., by surface-plate technique 
and in every other case by pour-plate technique, on pota to—dextrose — agar 
nutrient medium. 3 to 9 samples were counted a t each dose level. The average 
count of colonies and the s tandard deviation were established. The regression 
curve between the number of surviving colonies and the dose level was cal-
culated and the D l n value was determined. 
2.1. Heat penetration measurements 
On constructing the calibration curve of the thermistor, an extremely 
close correlation was found between temperature increase and the decrease 
of resistance (r = —0.9994, n = 55). On the basis of this, the core temperature 
of the strawberry was determined as a function of time, taking into considera-
tion the size and the weight of the strawberries. The rate of temperature in-
crease in the strawberries, s tar t ing from room temperature (22—23 °C), de-
pends on the size and weight and is relatively even (Fig. 1). 
As seen in the figure, when heated in a water bath, a relatively long 
period is needed for the strawberry to reach the required temperature. This 
takes 6—12 minutes, dependent on the size of t he fruit . During this time the 
consistency, colour, taste and odour of the fruit changes completely, the colour 
and odour looses its character. Knowing this, we did not aim at increasing 
the core temperature of the f ru i t , we gave only a surface heat treatment. 
2.2. Viable cell count of the strawberries 
The viable cell count determinations showed the rinsing to reduce the 
cell count hv one order of magnitude and the freezing at 30 °C gave a reduc-
tion of about 2 5 % (Table 1). 
2. Results 
T a b l e 1 
The viable cell count of strawberries 
as a function of treatment 
Treatment Viable cell count g"1 
u n w a s h e d 
w a s h e d 
f r o z e n 
(4.2 + 1 .9) • 104  
(4.4 + 2 . 0 ) • 10 3  
(1.1 + 0 . 6 ) • 10 3 
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Since t he initial cell count was found to be low, we a t t empted to increase 
it by contamination. We succeeded in increasing it by nearly one order of 
magnitude. I n the case of the contaminated strawberries a 2-minute t r ea t -
ment at 55 °C reduced the viable cell count by 86.7% and freezing by more 
than 90%. The combination of these two t rea tments resulted in a reduct ion 
of 3 orders of magnitude. Since t rea tment with the combination method and 
irradiation with 0.38 Mrad was very effective, the surviving fraction was deter-
mined with t h e M P N technique instead of t he pour-plate technique. T r e a t m e n t 
with 0.18 Mrad caused a reduction of one order of magnitude (Table 2). 
Table 2 
The viable cell count (g'1) of strawberries 
as a junction of treatment and irradiation dose 
Treatment 
Dose 
(Mrad) Heat treated 
(55°C, 2 min) Frozen 
Heat treated 
(55°0, 2 min) 
frozen 
0 (1.3 + 0.2) • 103 (6.9 + 6.1) • 102 3.6+1.7 
0.18 (1.7 + 0.6) • 102 (9.7 + 0.8) -10 < 1 
0.38 < 1 4.6 + 2.3 < 1 
0.57 < 1 < 1 < 1 
After two weeks of storage at —25 °C the samples contaminated with yeas t s 
showed a f u r t h e r reduction of the viable cell count by nearly one order of 
magnitude. Af t e r 79 days t he cell count of samples non-irradiated and irra-
diated with 0.18 Mrad was found to be below 2, when determined with t h e 
M P N technique. In the samples irradiated with 0.38 and 0.57 Mrad, respec-
tively, the presence of viable cells could not be shown with sufficient reliability. 
The strawberries used in the second experimental series had a higher 
initial cell count and were of poorer consistency than those of the first series. 
The initial cell count was increased by contamination to 104 g _ 1 . 
The effect of freezing did not differ f r o m tha t of the earlier experiments . 
The samples t rea ted for 3 minutes at 5 0 ° C a n d for 1 minute a t 55 °C and then 
frozen, gave similar results. Compared to t he samples t h a t were only frozen, 
the reduction was about two orders of magni tude bet ter . A radiation dose 
of 0.18 Mrad reduced the cell count of t he frozen samples by more t h a n one 
order of magni tude (Table 3). 
Higher radiat ion doses combined with freezing gave such low cell counts 
as to be considered unreliable. After twTo weeks of storage the cell count was 
reduced by abou t one order of magnitude. Af te r 72 days of storage at —25 °C, 
the cell count of samples t r ea t ed for 1 minu te at 55 °C and not irradiated was 
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Table 3 
Changes in the viable cell count (g~l) of frozen, 
and heat treated plus frozen strawberries, resp. 
Dose 
(Mrad) 
0 
0.18 
0.36 
(1.5 + 0.5) • 101  
(4.9 + 2.5) • 102  
< 1 0 
Heat treated and then frozen 
heat treated at 50°C: 3 min 
(8.4+1.4) • 102  
< 1 0 
< 1 0 
heat treated at 55°C: 1 min 
(6.2 + 2.3) • 102  
< 1 0 
< 10 
20 4 — r — , , , • r - 20 -I . . I I I . I -
0 2 U 6 8 10 12 0 2 4 6 8 10 12 14 
T I M E (MIN) 
Fig. 1. The deve lopment of t h e t e m p e r a t u r e in t h e centre of t h e s t rawber ry as a f u n c -
t ion of t he h e a t t r e a t m e n t t i m e (heated in wa te r ) 
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Fig. 2. Resu l t s of t he sensory t e s t on fresh s t r awber r i e s as a f u n c t i o n of radiat ion dose 
on the 2nd d a y of s torage. The samples were s to red a t 2 °C. R a n k s u m s between A a n d 
В do no t d i f fer s ignif icant ly (95 per cent p r o b a b i l i t y level. N o . of panelists = 7) 
20 
10 
СЛ 
n 0-(Л 
20 
z 
< 
a. 10-
0 -
1 
Ш 
80th day 
Odour 
- - A 
-B 
0.18 0.38 0.57 DOSE (MRAD) 
Fig. 3. Resu l t s of t h e sensory t e s t s on hea t t r ea t ed (55 °C, 2 min) a n d f rozen s t rawberr ies 
as a func t ion of rad ia t ion dose a t t he 80th d a y of s torage. The s ample s were s tored a t 
— 25°C. R a n k s u m s between A and В do not d i f fe r significantly (95 pe r cent p robab i l i t y 
level. No . of panel i s t s = 5) 
0.5—2.6 per gram, the count of samples i rradiated with 0.18 Mrad was between 
0.04 and 0.4 per gram. The initial 102 g _ 1 cell count of industrially f rozen 
strawberries was reduced by a heat t r ea tment of 5 minutes a t 70 °C by near ly 
one order of magnitude. 
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2.3. Sensory evaluation of irradiated strawberries 
In the f i rs t experimental series the sensory characteristics as a funct ion 
of radiation dose of the strawberries irradiated in the fresh state were ranked, 
on the second day after t rea tment . The judges considered the untreated s traw-
berries significantly better t han those t r ea ted with 0.18, 0.38 and 0.57 Mrad, 
respectively (Fig. 2). 
20 
10 
0 
20 
10 
£ 0 
w 20 
2 < 
ce 
10 
0 
2 0 ] 
10 
0 
2nd day 
Colour 
-
-A 
- В 
Odour 
A 
Flavour 
-A 
Ш 
ZA 
— В 
- 1 
Texture 
A 
— В 
0 0.18 0 .36 DOSE (MRAD) 
Fig. 4. R e s u l t s of the sensory t e s t s on fresh s t rawber r i es as a f u n c t i o n of r ad ia t ion dose 
on the 2nd d a y of storage. T h e samples were s to red a t 2° C. R a n k sums between A a n d 
В do no t d i f f e r s ignif icant ly (95 per cent p robab i l i t y level. N o . of panelists = 5) 
After two weeks of storage the difference between samples frozen or samples 
treated for 2 minutes at 55 °C and frozen but not irradiated and those irra-
diated was not significant a t the probabil i ty level of 95 %. 
On the 80th day of storage the samples heat t rea ted for 2 minutes a t 
55 °C and frozen in combination with irradiation, were judged to be similar 
in the sensory tests (Fig. 3). 
In the second series of experiments t reatment with 0.18 and 0.36 Mrad 
was applied. In the case of fresh strawberries the difference, in contrast to 
the earlier experiments, was not so pronounced, though with increasing doses 
a similar tendency became apparent (Fig. 4). 
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On the 5th day of storage the observations were similar to those made 
on the first experimental series, the difference between unt rea ted and t rea ted 
samples could not be proven. The tests carried out on the 72nd day confirmed 
these observations. 
2.4. Storage life of strawberry yoghurt prepared with irradiated strawberries 
Preliminary experiments showed tha t the various t rea tments or the i r 
combination with irradiation a t 0.18 Mrad did not extend the storage life of 
yoghurt even a t 2 °C. 
UJ 
о 
< 100 
о 
0- 80-(J) 60-
40 
20 
0 
о 
/ 
О lndust.70°C, 5min 
• 0 Mrad 
в 0.18 Mrad 
с 0.36 Mrad 
4 6 8 10 12 
STORAGE TIME (DAY) 
Fig . 5. Spoilage percentage of s t r awber ry y o g h u r t as a func t ion of t r ea tment a n d 
s torage t ime a t 15 °C and 2 °C. T h e reference s ample was frozen in t h e da i ry fac tory a n d 
was h e a t t rea ted a t 70 °C for 5 m i n before use, t h e o the r samples w e r e hea t t rea ted a t 
55 °C for 1 minu te , f rozen a n d irradiated 
In the first experimental series strawberries industrially frozen and hea t 
t reated for 5 minutes at 70 °C prior to use, and strawberries heat t reated as 
described under para. 1.1.3. a t 55 °C for 1 minute and subsequently frozen a n d 
irradiated with 0.18 and 0.36 Mrad, respectively, were mixed with yoghurt . 
The samples thus obtained were stored at 2 ancl 15 °C. Of t he samples stor-
ed a t 15°C those prepared with non-irradiated strawberries, were the first t o 
show signs of spoilage. The nex t samples to spoil were those given radiation 
t reatment of 0.18 Mrad; these were followed hv the samples irradiated with 
0.36 Mrad. Spoilage in this case must he ascribed to the microbial flora ad-
mixed with the strawberries, since the yoghurt and sugar h a d been homogen-
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Fig. 6. Re la t ive storage s t ab i l i ty of s t rawberry yoghurt as a func t ion of t r e a t m e n t and 
storage t empera tu re . The reference sample was frozen in the d a i r y factory and w a s hea t 
t reated a t 70 °C for 5 min be fo re use, the o t h e r samples were h e a t treated a t 55 °C for 
1 minute , frozen a n d irradiated 
LU 0 J 
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Ö 100-
0-
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2 °C 
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ф 
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Fig. 7. Spoilage percentage of strawberry y o g h u r t as a f u n c t i o n of t r e a t m e n t and 
storage a t 15 °C and 2°C. Fol lowing t r ea tments were applied: (a) frozen (by us), before 
use heated a t 70 °C for 5 min ; (b) frozen and irradiated with 0.57 Mrad; (c) h e a t e d a t 
55 °C for 2 m i n , frozen and i r radiated with 0.57 Mrad 
ized and their contamination would have become apparent uniformly. In this 
case the spoilage showed a non-uniform distribution. The intensity of spoilage 
was observable foremost in the yoghurt samples stored a t 15 °C. The gas formed 
during fermentat ion could be observed to bulge the a luminium caps. The sam-
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pies stored a t 2 °C showed less intense fermentation and less gas was formed 
(Fig. 5). 
Evaluated on the basis of 20% spoilage of the samples stored a t 15 °C 
those made with industrially frozen strawberries had a storage life of only 
2.5 days, those treated with 0.36 Mrad could be kept for 6.6 days. Yoghurt 
receiving the same t rea tment , but stored at 2°Chad a storage life of 8.3 days. 
The data on relative keeping quality were summarized in Fig. 6. 
5.6 day 
ш 
a 
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4 C£ 
Ш 
a 
r 
Ш о 
о • 
< ÍN 
g L 
4 4 4 4 4 1 70 «С, 5 min 
4ЧЧЧЧЧЧЧ43 0.57 Mrad 
чЧЧЧЧЧЧЧЧЧЧЧЧ 55 *C, 2 min+0.5 7 Mrad 
•ЧЧЧЧчЧЧN441 70'C, 5 min 
\ \ W W Y ; ; 0.57 Mrad 
чЧ ''.-'.'.'. 1 5 5 Y : ?min + 0 57 M r a d 
0 1 2 3 4 
RELATIVE KEEPING QUALITY 
Fig . 8. R e l a t i v e s to rage s t a b i l i t y of s t r a w b e r r y y o g h u r t as a func t ion of t r e a t m e n t 
a n d s to rage t e m p e r a t u r e . Fo l lowing t r e a t m e n t s were a p p l i e d : (a) f rozen b y us , before 
use h e a t e d a t 70 °C for 5 m i n ; (b) f rozen a n d i r r ad ia t ed w i t h 0.57 Mrad; (e) h e a t e d a t 
55 °C f o r 2 m i n , f rozen a n d i r rad ia ted w i t h 0.57 Mrad 
Since it was established in the first experimental series that strawberries 
treated with 0.36 Mrad may cause spoilage, in the second experiment the 
strawberries added to the yoghurt were (a) frozen and heat t reated prior to 
use at 70°C for 5 minutes; (b) frozen and given radiation treatment of 0.57Mrad; 
(c) heat t reated at 55 °C for 2 minutes, frozen and irradiated with 0.57 Mrad. 
I t was established t h a t the microbiological stabil i ty of these samples was 
higher than in the first experiment. The storage life of the control was longer, 
too. The keeping quality of differently treated samples increased, bu t a t most 
to double the life time at 2°C, from 5.6 days to 10.7 days . The intensity of the 
spoilage at 0.57 Mrad was not quite as high, as at lower dose levels. The devel-
opment of spoilage and the data on relative keeping quality are in Figs. 7 and 
8. The viable cell counts of the strawberry can be est imated from our data to 
be about 0.01—0.2 per gram. The yeast was demonstrated f rom spoiled 
yoghurt under the microscope. 
2.5. Sensory test of strawberry yoghurt 
The sensory evaluation by triangular test of yoghurt made with straw-
berries frozen and heat t reated for 5 minutes at 70°Con one hand, and frozen 
and irradiated with 0.57 Mrad on the other, showed tha t the judges could 
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not differentiate (at the 95% probabili ty level) between the samples. Out 
of nine judges the judgement of five was correct. 
2.6. Radiation tolerance of yeasts isolated from strawberries 
The survival of yeasts isolated from fresli and irradiated strawberries 
was investigated as a function of t he radiation dose. From the d a t a the regres-
sion curve was constructed and this was used to calculate the D1 0 values. 
These were found to be between 43 and 87 k rad (Figs. 9, 10 and Table 4). 
T a b l e 4 
D, „ values of yeasts isolated from strawberries 
Strain D10 (krad) 
Cryptococcus laurentii var . flavescens FRI - I -F230 , 50 
(L2) 
Metschnikoivia reukafii FRI- I -S240, (L6) 45 
Rhodotorula glutinis F R I - I - F 3 6 8 , (L7) 43 
KS 31 43 
KS 32 87 
KS 33 53 
KS 34 73 
3. Conclusions 
The initial cell count of fresh strawberries is 103—105 g - 1 . The radiation 
dose suggested to extend storage life is 0.20 —0.25 Mrad ( JOHNSON et al., 1965; 
F A R K A S & Kiss, 1967; LANGERAK, 1971; MAXIE et al., 1971). By this t reatment 
the useful storage life can be increased 2.5- 3.0 times. However, a longer 
extension can not be achieved by th is treatment , even if a storage temperature 
of about 0 °C is applied. I t was shown in the present experiment t h a t treatment 
with 0.57 Mrad is not sufficient either (Fig. 7). The storage life of yoghurt 
made with fruit is relatively low a t refrigerator temperature (3—4°C). In order 
to achieve microbiological stability of the product , the cell count of straw-
berries must be at the minimum. 
According to these experiments, this aim can be achieved only by com-
bined t reatment . Contamination of strawberries is predominantly confined 
to their surface. D a t a on contamination of the cortex are to be found in the 
literature (ROMWALTER 8C K I R Á L Y , 1 9 3 9 ) , however, these have no t been con-
firmed. Knowing this, it is possible to reduce the cell count by mild surfacial 
heat t reatment . I t was found t h a t heat t rea tment by immersion in water 
7 Acta Alimentaria 4, 1975 
109 KISS: STORAGE STABILITY OF COMBINATION-TREATED S1RAWBF.RRY YOGHURT 
caused an undesirable change of quality, if the core tempera ture was raised 
to the required level. If only surface t rea tment was given, no undesirable 
change occurred. A mild heat t rea tment combined with freezing resulted in 
the reduction of the cell count by about 3 orders of magnitude. A t r ea tmen t 
with 0.36—0.57 Mrad ensured a fur ther reduction of the cell count (Table 2). 
In accordance with earlier observations (FARKAS et al., 1972), the sensory 
tests show an undesirable change in the fresh strawberries immediately upon 
radiation t rea tment above 0.18 Mrad. However, in a few days ' time this effect 
disappears even a f te r a t rea tment with 0.57 Mrad. When tested by scoring, 
the samples exceeded the acceptability level and af ter ranking no significant 
difference could be found a t the 95% probability level between untrea ted and 
irradiated samples (Figs. 2—4). 
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Fig . 9. T h e s u r v i v a l c u r v e s of y e a s t s as a f u n c t i o n of r a d i a t i o n dose . (The v e r t i c a l lines 
be longing t o t h e m e a n va lues i n d i c a t e t h e s t a n d a r d devia t ion) 
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Fig . 10. The s u r v i v a l curves of y e a s t s as a f u n c t i o n of r ad ia t ion dose. (The ver t ica l 
lines belonging to the m e a n values ind ica te the s t a n d a r d deviat ion) 
In later stages, the consistency of the product was highly affected by the 
technology of freezing. Since in the course of these experiments there was no 
possibility of applying the p rope r method of freezing, only aroma and f lavour 
were followed. I t has to be n o t e d t ha t the qual i ty of industrially frozen straw-
berries was judged significantly worse than t ha t of the i rradiated samples. 
I t was established in the experiments tha t it was not possible to differentiate 
between yoghur t made with unt rea ted strawberries and with strawberries 
i rradiated with 0.57 Mrad. 
The storage life of yoghur t made with strawberries depends to a large 
ex ten t on the microbiological stabili ty of t he fruit . In accordance with the 
tes t s and calculations carried ou t , the cell count has to be below 0.01, i.e., 100 g 
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s t rawberr ies mus t no t conta in more t h a n 1 viable cell in order to be able 
t o keep the yoghur t for t w o weeks a t 2 °C. 
Taking the storage t ime necessary t o reach 2 0 % spoilage as a measure 
of t h e relat ive keeping qual i ty , in the case of y o g h u r t manufac tu red with 
s t rawberr ies given t r e a t m e n t s combined with irradiation a t t he 0.36 Mrad level, 
t he relat ive keeping qual i ty was increased 2.6-fold a t 15 °C, in comparison with 
y o g h u r t manufac tu red with industrially f rozen s trawberr ies , and 3.5-fold a t 2°C. 
The la t t e r means the increase of the s torage life f rom 6 days to 8 (Fig. 6). 
The s torabi l i ty of yoghur t made with i r radiated (0.57 Mrad) s t rawberr ies 
was only 1.5—2.0 t imes t h a t of the control. I t was increased from 5.6 days 
t o 10.7 days (Fig. 8). 
On s tudying t he radia t ion tolerance of yeast s t ra ins isolated f rom s t raw-
berries it was establ ished (pH = 5.0) t h a t calculating wi th the h ighes t D1 0 
value found (D1 0 = 0.087 Mrad) and assuming an init ial cell count of 10 s g - 1 , 
a min imum radiat ion dose of 0.435 Mrad is necessary (Figs. 9, 10). Cell counts 
as high as this were no t found during t he exper iments , though spoi lage was 
still observed. P resumably , s t ra ins more resis tant t h a n t h e above occur in the 
microbial f lora of s t rawberr ies and/or t he radiat ion resistance of yeas t s on 
f rozen strawberries is higher . 
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Dieser Band des Hand-
buchs, der w e g e n seines 
Umfangs in zwei Teile auf-
gegliedert wurde, hat die 
Chemie und Technologie 
des Wassers und der Luft 
zum Gegenstand. 
Beim „Wasser" (1241 Sei-
ten) liegt das Hauptgewicht 
auf einem al lgemeinen des-
kriptiven Tei l (557 Seiten), 
in welchem Eigenschaften, 
Hydrologie, Biologie und 
Mikrobiologie, Erschlie-
ßung, Nutzung und Tech-
nologie des Wassers 
behandelt werden, wäh-
rend sich der zweite Teil 
mit der Untersuchung und 
Beurteilung des Wassers 
(671 Seiten) beschäftigt. 
Dieser Teil umfaßt die Ver-
fahren zur Untersuchung 
des Trink- und Betriebs-
wassers sowie der Mineral-
und Hei lwässer und gibt 
auch Hinweise zur Unter-
suchung des Abwassers. 
Die modernen physikali-
schen und chemischen 
Methoden werden hier 
ebenso gründlich abge-
handelt wie die mikrobio-
logischen und biologischen 
Verfahren der Wasser-
untersuchung und die 
Prüfung auf Radioaktivität. 
Im Abschnitt „Luft" (230 
Seiten) werden in analoger 
Weise zunächst die Eigen-
schaften der Luft (77Seiten) 
behandelt , w ie Bestand-
teile und Verunreinigungen 
der Luft, radioaktive Stoffe 
sowie die Luft als Umwelt-
faktor, während der zweite 
Teil die Ver fahren der Luft-
untersuchung (142 Seiten) 
umfaßt. Hier werden u. a. 
die meteorologischen 
Untersuchungen und die 
Analyse der Luftbestand-
teile und -Verunreinigun-
gen einschließlich der 
corpusculären Verunrei -
nigungen und der belebten 
Luftbestandteile abge-
handelt. 
Sowohl dem Abschnitt 
„Wasser" als auch dem 
Abschnitt „Luft" sind im 
Anschluß an den wissen-
schaftlich-technischen Text 
Kapitel über die einschlä-
gigen gesetzl ichen Vor-
schriften angefügt. 
Dank der Mitarbeit führen-
der Fachleute aus Praxis 
und Wissenschaft ist hier 
ein Standardwerk entstan-
den, das als die erste ge-
schlossene Darstel lung 
der Gebiete „Wasser" und 
„Luft" aus neuerer Zeit zu 
gelten hat. Über den Kreis 
der Lebensmittelchemiker 
hinaus wendet sich dieser 
Handbuchband an alle 
Kreise der Wirtschaft (In-
dustrie) und Wissenschaft, 
die in irgendwelcher Weise 
mit Wasser und Luft zu tun 
haben; er dient als Leit-
faden tü rden Prak t ikerwie 
für den Wissenschaft ler 
sowie für alle Behörden, 
die für die Vermeidung von 
Zivi l isationsschäden ver-
antwortlich sind. 
• Bitte Prospekt 
anfordern! 
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DIETS FOR ANIMAL EXPERIMENTS 
by J. Sns and I. Szelényi 
The monograph gives an excellent and comprehensive t reatment of 
the nutrition of the most frequently used experimental ani-
mals. In addition to the s tandard diets, specific diets for eliciting 
various diseases are described. Precise prescriptions are offered by 
means of which deficiency syndromes of amino acids, vitamines 
and minerals can be provoked. These experimental models may be 
used advantageously to clarify the pathogenesis and to control the 
therapy of the corresponding human diseases. Survey of this book is 
facilitated by numerous tables and relevant figures. 
In English • Approx. 160 pages • Cloth ISBN 963 05 0253 4 
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Mathemat ik für Biologen 
52 Abb. Etwa 240 Seiten 
1973. DM 14,80 
130 Kind, H. 
Leitfaden für die psychia-
trische Untersuchung 
Eine Anleitung für 
Studierende und Ärzte in 
Praxis und Klinik 
10 farbige Testtafeln 
165 Seiten. 1973 
DM 16,80 
131 Bahr, W „ H .Theoba ld 
Organische Stereochemie 
Etwa 144 Seiten. 1973 
DM 16,80 
132 Wallach, D. F. H., 
H. Knüpfermann 
P lasmamembranen 
Chemie, Biologie und 
Pathologie 
Etwa 30 Abbi ldungen 
Etwa 250 Seiten. 1973 
D M 18.60 
133 Wilson, E .O. , 
W. H. Bossert 
Einführung in die 
Populationsbiologie 
Übersetzt von 
K. de Sousa Fereira 
Bearbeitet von U. Jacobs 
42 Abb. Etwa 180 Seiten 
1973. D M 14,80 
134 Köhler, W. 
Intel l igenzprüfungen 
an Menschenaffen 
Mit e inem Anhang 
zur Psychologie der 
Schimpansen 
3. Überarb. Aufl. 7 Tafeln, 
19 Skizzen, 4 Abb. 
Etwa 340 Seiten. 1973 
Etwa D M 14,80 
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Sinnesphysiologie 
Herausgeber: R. F. Schmidt 
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Etwa 280 Seiten. 1973 
DM 16,80 
Basistext Medizin 
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FOOD MANUFACTURE 
is the leading British monthly technical journal for 
executives in the food manufacturing industry, contain-
ing review and feature articles on every technologi-
cal operation, including packaging, carried out on food 
materials. 
Regular features include: abstracts of contemporary 
technical literature; reviews of machinery, equipment 
and packaging materials; developments in food manu-
facturing and technology all over the world; and de-
scriptions of new factories. Emphasis is on practical 
technology at a high technical level. 
Published by Morgan-Grampian Ltd., 30 Calderwuod Street Woolwich, London 
SE 18 6Q11 England. Subscription rale: £10 ($30) per year. 
P. Schmidt, E. Deutsch, J. Kriehuber 
Diät für 
chronisch Nierenkranke 
Eine Diätfibel für Ärzte, Diätassistenten und Patienten 
2 Abb., 19 Tabellen 
IX, 126 Seiten. 1973 
DM 9,80; US $3.70 
ISBN 3-540-06226-2 
Kliniktaschenbuch 
Springer-Verlag 
Berlin 
Heidelberg 
New York 
München London Paris 
Sydney Tokyo Wien 
Zusammenstel lung einer eiweiß- und 
elektrolytarmen Diät für chronisch Nierenkranke 
und für Dialysepatienten. Durch die 
übersichtl ichen undabwechslungsreichenTages-
kostpläne sowie die Einführung neuer Eiweiß-
und Kalium-Einheiten außer für Ärzte und 
Diätassistenten auch für den interessierten 
Laien eine vorzügliche Fibel zum raschen 
Nachschlagen aller erforderl ichen Angaben. 
Inhaltsübersicht: 
Allgemeine Richtlinien für den Arzt und 
Diätassistenten. — Allgemeine Diätanleitungen 
für den Arzt, Diätassistenten und Patienten. — 
Eiweißgenormte Diäten. Richtlinien für den Arzt 
und Diätassistenten. - Eiweißgenormte Diäten. 
Richtlinien für den Patienten. — Nahrungsmittel-
(austausch)-Tabellen, Rezepte, Menüvorschläge. 
— Anhang. — Literaturverzeichnis. — Sach-
verzeichnis. 
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DETERMINATION OF THE CAPSAICIN CONTENT 
OF GROUND PAPRIKA 
L . A N D R E a n d L . M I L E 
(Received Ju ly 26, 1973) 
A method was worked out for the thin- layer chromatographic determina-
tion of the capsaicin content of ground papr ika with a low capsaicin content 
(below 100 ygg-'). 
Capsaicin was extracted wi th a 0.05 N sodium hydroxide solution contain-
ing 50% of methanol . The solutions containing the capsaicin were collected, t he 
proteins and gel-forming substances precipi ta ted with potassium aluminium sul-
pha t e and the precipitate separa ted by means of centrifuging. F r o m the clear 
supe rna tan t the capsaicin was ex t rac ted with diethylether and the ex t rac ts chrom-
a tographed on a Kieselgel GF-254 layer wi th diethylether as solvent . Capsaicin 
was developed with a 0.2% solution of 2,6-dichloroquinone chloroimide in metha-
nol and appeared as a blue spot w i th an R у value of 0.6 . In th is w a y even 0.1 pg 
of capsaicin per spot can be de tec ted . 
P u n g e n c y c a u s e d b y c a p s a i c i n c o n t e n t is o n e of t h e character i s t i c 
c o m p o n e n t s o f t h e f l a v o u r of H u n g a r i a n g r o u n d paprika. T h e red papr ika 
var i e t i e s o n t h e m a r k e t can be d i v i d e d a c c o r d i n g t o their p u n g e n c y into t w o 
c lasses . 
I n o n e c lass are t h e papr ikas w i t h h igh c a p s a i c i n c o n t e n t a n d a predomi-
n a n t l y p u n g e n t tas te . T h e papr ikas f r o m t h e t r o p i c s a n d t h e s o - c a l l e d " h o t " 
H u n g a r i a n var ie t i e s fa l l in to th i s c a t e g o r y ; t h e y h a v e a c a p s a i c i n c o n t e n t 
h igher t h a n 5 0 0 pg g - 1 . T h e p a p r i k a s in t h e o t h e r class c o n t a i n no , or o n l y 
v e r y s m a l l a m o u n t s o f capsaic in, t h e y are t h e n o n - p u n g e n t or s l i g h t l y p u n g e n t 
var ie t i es . S i n c e t h e s e n s i n g of t h e t a s t e of c a p s a i c i n is h i g h l y s u b j e c t i v e , i t 
b e c a m e n e c e s s a r y t o assess t h e d i f f e r e n c e b e t w e e n t h e s l ight ly p u n g e n t g r o u n d 
p a p r i k a o f H u n g a r i a n t a s t e a n d t h e n o n - p u n g e n t paprika b y m e a n s of ob-
j e c t i v e m e a s u r e m e n t . 
W e were , therefore , g i v e n t h e t a s k of e v o l v i n g a m e t h o d b y means o f 
w h i c h v e r y s m a l l capsa ic in a m o u n t s can b e measured , t h a t is , i t s presence 
d e t e c t e d , s o t h a t t h e re la t ionsh ip b e t w e e n p u n g e n t a n d n o n - p u n g e n t s ensa t ion 
o f t a s t e a n d a c t u a l capsa ic in c o n t e n t c a n be d e c i d e d on t h e g r o u n d s o f o b j e c t i v e 
m e a s u r e m e n t . 
MATHEW a n d co-workers ( 1971 ) p u b l i s h e d a de ta i l ed r e v i e w on t h e 
c h e m i s t r y , a n a l y s i s a n d p h y s i o l o g i c a l e f f e c t o f capsaic in . S e v e r a l m e t h o d s are 
k n o w n for t h e d e t e r m i n a t i o n of h igh c a p s a i c i n c o n t e n t s of w h i c h t h o s e pur i fy ing 
1 Acta Alimentaria 4, 1975 
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t h e p a p r i k a extract pr ior t o c h r o m a t o g r a p h y (ANON, 1959, 1964) are o f part ic-
ular i m p o r t a n c e . U n f o r t u n a t e l y , c o l u m n c h r o m a t o g r a p h i c pur i f i cat ion m a k e s 
t h e d e t e r m i n a t i o n h i g h l y t i m e - c o n s u m i n g . T h e a p p l i c a t i o n of t h i n - l a y e r 
c h r o m a t o g r a p h y will i m p r o v e the p r o c e s s of pur i f i ca t ion . 
B y m e a n s of t h e p h o t o m e t r i c m e t h o d o f JENTZSCH a n d co-workers (1969) 
capsa ic in c a n be d e t e r m i n e d d o w n t o 2 p g m l - 1 , w h i c h means t h a t t h e sub-
s tance a p p l i e d to t h e l a y e r m u s t c o n t a i n at least 10 p g of capsaicin. I n case 
of g r o u n d paprika w i t h l o w capsaic in c o n t e n t t h e a m o u n t of capsa ic in w h i c h 
can b e i so la t ed on t h e l a y e r is not s u f f i c i e n t for p h o t o m e t r i c e v a l u a t i o n a n d 
t h e a p p l i c a t i o n of s u c h large q u a n t i t i e s of t h e e x t r a c t to the l a y e r causes 
a d d i t i o n a l di f f icult ies . S i n c e the d e t e c t i o n of c a p s a i c i n on t h e t h i n - l a y e r 
i tself is a more s e n s i t i v e procedure, th in - layer c h r o m a t o g r a p h y is preferable . 
A c c o r d i n g t o R i o s a n d DUDEN (1971) , 2 p g per s p o t o f capsaic in c a n b e meas-
ured w i t h o u t reagent o n t h e layer a t 281 n m b y m e a n s of a dens i tometer . 
S P A N Y Á R a n d B L A Z O V I C H ( 1 9 6 9 ) s t u d i e d t h e s e n s i t i v i t y o f t h i n - l a y e r c h r o m a t o -
graphic reagents to capsa ic in , a n d f o u n d t h a t t h e p o t a s s i u m ( h e x a c y a n o f e r -
r a t e - I I I ) + f e r r i c c h l o r i d e u s e d b y J U H Á S Z a n d T Y I H Á K ( 1 9 6 9 ) i s t h e m o s t 
s e n s i t i v e reagent , b y m e a n s of wh ich e v e n 0.1 pg o f capsa ic in per s p o t c a n sti l l 
be d e t e c t e d . H o w e v e r , w e fe l t t h a t t h e f a c t t h a t t h i s is a general r e a g e n t wh ich 
g ives a b l u e spot, s i m i l a r t o t h a t o b t a i n e d wi th capsa ic in , w i th t h e m a j o r i t y 
of r e d u c i n g subs tances , is a cons iderable drawback. 
JENTZSCH a n d co -workers (1969) s u g g e s t e d 2 ,6 -d i ch loroqu inone chloro-
imide for t h e d e t e c t i o n of capsaic in o n th in layer , w i t h the lower l imi t o f 
d e t e c t a b i l i t y of 0.1 p g o f capsaic in per spot . T h i s r e a g e n t has t h e grea t ad-
v a n t a g e o f being m o r e spec i f i c for capsa i c in t h a n t h e o n e sugges t ed b y JUHÁSZ 
and TYIHÁK (1969) a n d has b e c o m e w e l l k n o w n i n t h e analys is o f capsaic in . 
B e c a u s e of the p r e s e n c e o f a large n u m b e r of in ter fer ing substances , t h e ex trac -
t ion of capsaicin f r o m g r o u n d p a p r i k a wi th low capsa ic in c o n t e n t is part ic-
ularly d i f f icu l t . A s a rule, t h e s o l v e n t s used for e x t r a c t i o n of capsa i c in a l so 
e x t r a c t t h e d y e s t u f f s o f paprika. 
Certa in m e t h o d s descr ibed in t h e l i terature u s e for e x t r a c t i o n a lka l ine 
ether in methano l (ANON , 1964), e t h y l a c e t a t e in m e t h a n o l (SUZUHI, 1957) 
a n d i sopropv la lcoho l ( R i o s & DUDEN , 1971). 
JENTZSCH a n d co-workers ( 1969) f ound t h a t ident ical q u a n t i t i e s o f 
capsa ic in can be e x t r a c t e d from t h e s a m e s a m p l e b y methanol , ch loroform 
and 7 0 % ethanol , resp . E x t r a c t i o n w i t h chloroform u n d e r ref lux for one hour 
a p p e a r e d t o g i v e t h e b e s t r e s u l t s . S P A N Y Á R a n d B L A Z O V I C H ( 1 9 6 9 ) a n d T I R I -
MANNA (1972) c o m b i n e d t h e r e m o v a l of interfer ing s u b s t a n c e s w i t h e x t r a c t i o n 
us ing l iquid- l iquid p a r t i t i o n . Capsa ic in a n d the d y e s t u f f s were e x t r a c t e d w i t h 
d i e thv le ther , the e t h e r w a s e v a p o r a t e d , the dry res idue d i s so lved in a lcohol 
a n d t h e dyes tuf f s e x t r a c t e d wi th petrolether . T h e a lcohol was t h e n dis t i l led 
off f r o m t h e a lcohol ic phase , the a q u e o u s residue m a d e alkaline a n d t h e cap-
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saicin again extracted wi th diethylether. This last ether extract is then used 
for thin-layer chromatographic analysis . 
For the determinat ion of the capsaicin c o n t e n t of ground paprika wi th 
low (less than 100 pg g _ 1 ) capsaicin content, of t h e above ment ioned methods 
alone that of SPANYÁR and BLAZOVICH (1969) can be used. This method, too , 
has certain drawbacks which complicate the eva luat ion of the results, such as 
the concomitant extract ion of capsaicin and of part of the dyestuf fs which 
will react on the layer wi th the developing reagent . W e a imed at finding an 
extraction method b y means of which capsaicin can be separated as much 
as possible from the interfering substances a n d t o apply a layer chromato-
graphic developing reagent particularly sensit ive t o capsaicin. 
W e shall compare the method worked out b y us with t h a t of SPANYÁR 
a n d B L A Z O V I C H ( 1 9 6 9 ) . 
1. Materials and methods 
1.1. Materials and equipment 
Diethylether, peroxide free, analyt ical grade. 
Methanol, analyt ica l grade. 
Acetone, analyt ica l grade. 
Capsaicin, analyt ica l grade. 
2,6-dichloroquinone chloroimide, analyt ical grade. 
Sodium hydroxide, analytical grade. 
Potass ium a lumin ium sulphate, analytical grade. 
Hydrochloric acid, analytical grade. 
Kieselgel GF-254. 
Centrifuge, w i th stoppered tubes , JANETZKI T 30 typ. 4 .5 X 103 g. 
Shaker, LABOR t y p e L E 203. 
Dry ing cabinet, LABOR L P - 3 0 1 . 
Thin-layer chromatographic set , DESAGA. 
M i c r o p i p e t t e , H A M I L T O N 5 p i ; 2 5 p i . 
Spectrophotometer , SPECORD U V VIS. 
1.2. Extraction of capsaicin from ground paprika 
A b o u t 2 g of ground paprika is weighed t o the nearest centigram a n d 
extracted, in a s toppered centrifuge tube, on t h e shaker set a t grade 1 w i t h 
3 X 20 ml of 0.05 N sod ium hydroxide containing 50% of methanol for 10 
minutes each time. T h e ground paprika is separated after each extraction 
from the alkaline m e t h a n o l extract b y centrifuging with 4.5 х Ю 3 g for 10 
minutes. The extracts are collected in flasks containing 0.5 g of potass ium 
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a l u m i n i u m sulphate a n d 7 ml of 0 .5 N hydrochloric acid. Af t er t h e addit ion 
of the last extract the mix ture is t h o r o u g h l y shaken, al lowed t o s t a n d for 10 
minutes during which per iod it is a g a i n thoroughly shaken every t w o minutes . 
A ye l lowish red precipi tate is formed w h i c h is separated b y centr i fuging. The 
clear so lu t ion is poured in to a separat ing funnel and t h e centr i fuged prec ipi tate 
w a s h e d w i t h 0.001 N hydrochloric a c i d containing 5 0 % of methano l a n d again 
centr i fuged. T h e clear supernatant is a l so poured in to a separat ing funne l and 
e x t r a c t e d wi th 3 x 2 0 m l of peroxide- free diethylether. The sharply separated 
d ie thy le ther layers are col lected a f t e r f i l tration through a n h y d r o u s sodium 
sulphate . T h e vo lume of t h e ether p h a s e is evapora ted to 10 m l on a 40 °C 
w a t e r b a t h in air s tream. 
1.3. Thin-layer chromatography 
T h e chromatcgram is run o n a 2 0 x 2 0 cm, 0.2 m m th ick Kieselgel 
GF-254 layer which has been a c t i v a t e d at 105 °C for 30 minutes. D e p e n d i n g on 
the capsaic in content , 0 .05 to 0.15 ml o f t h e ether ex trac t is appl ied t o t h e layer. 
B e s i d e the so lut ion w i t h u n k n o w n capsaicin content , 0.1 yg t o 0.5 yg 
port ions of capsaicin are applied as s t a n d a r d to the layer. The chromatogram 
is run a t room temperature , using d i e t h y l e t h e r as so lvent , to a l e n g t h of 15 cm, 
dried in h o t air and deve loped at r o o m temperature wi th a 0 . 2 % solut ion of 
2 ,6-dichloroquinone chloroimide in methanol . T h e dried p late is sprayed 
e v e n l y w i t h t h e deve loping solution, dr i ed again, s p r a y e d with a 0 .1 A1 solution 
of s o d i u m hydroxide a n d dried. T h e blue spots characterist ic o f capsaicin 
appear w i t h i n a few seconds at R<- = 0.6. 
T h e b lue capsaicin spots are s t a b l e for 3 to 4 hours. Q u a n t i t a t i v e eval-
uat ion is based on t h e size of the s p o t s and the in tens i ty of the ir colour b y 
v isual comparison to t h e size and i n t e n s i t y of the s p o t s of k n o w n a m o u n t s of 
capsaicin. 
2. Results 
W e h a v e compared the results o f our extract ion and chromatographic 
m e t h o d t o those obta ined b y the t h i n - l a y e r chromatography of SPANYÁR and 
BLAZOVICH (1969). W e determined t h e capsaicin content of t h r e e ground 
paprika samples marke ted under d i f f erent names a n d comply ing w i t h the 
spec i f icat ions of the Hungar ian S t a n d a r d . F ive parallel de terminat ions were 
carried o u t b y both methods . 
T a b l e 1 contains t h e analyt ica l d a t a of the ground paprika of "sweet" 
qual i ty , including the capsaicin c o n t e n t and the pertaining s t a n d a r d devia-
tions. T h e t w o methods were c o m p a r e d b y means of t h e t and F t e s t s whose 
results are also g iven in t h e table. 
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Table 1 
Analytical data of "sweet" ground paprika complying with the specifications 
of the Hungarian Standard 
Capsaicin 
content (ftgg-1) 
Deviation 
f rom the 
average 
Org g_l) 
Standard 
deviation 
Gugg"') 
i F 
Determination according to the method 
o f S P A N Y Á R a n d B L A Z O V I C H ( 1 9 6 9 ) 
9 
11 
8 
7 
8 
0 
2 
1 
2 
1 
1 . 5 8 
average 9 0 . 3 6 8 1 . 2 6 5 
Determination according to the method 
of the authors 
9 
9 
8 
11 
13 
1 
1 
2 
1 
3 
2 . 0 0 
average 10 
T h e ana ly t i ca l d a t a of " d e s s e r t " qual i ty g r o u n d papr ika a r e g iven in 
Tab le 2, a n d t h o s e o f t h e " s e m i - s w e e t " qua l i ty i n Table 3. 
3. Conclusions 
Capsa ic in w a s e x t r a c t e d f r o m g r o u n d p a p r i k a so t h a t t h e presence o f 
p i g m e n t s a n d o t h e r interfer ing s u b s t a n c e s in t h e so lut ion t o b e s u b j e c t e d t o 
capsa i c in d e t e c t i o n c a n be a v o i d e d a s c o m p l e t e l y as possible . T h e alkal ine 
s o l u t i o n o f 5 0 % m e t h a n o l was f o u n d t h e m o s t s u i t a b l e for th i s p u r p o s e , s ince 
th i s m e t h a n o l c o n c e n t r a t i o n is n o t h i g h e n o u g h for the e x t r a c t i o n of t h e 
m a j o r i t y o f p i g m e n t s a n d only t h e non-es ter i f i ed , ox id ized d e r i v a t i v e s of t h e 
c a r o t e n o i d s wil l g o i n t o solut ion. Capsaic in c a n b e e x t r a c t e d f r o m ground 
papr ika b y three s u b s e q u e n t e x t r a c t i o n s . T h e e x t r a c t is in t h e co l lo ida l s t a t e 
w h i c h in ter feres w i t h e x t r a c t i o n b y d i e t h y l e t h e r in w h i c h an e m u l s i o n is formed. 
Th i s n e c e s s i t a t e d t h e c lar i f icat ion o f t h e m e t h a n o l s o l u t i o n which w a s per fo rmed 
a f t e r n e u t r a l i z a t i o n w i t h p o t a s s i u m a l u m i n i u m su lphate , i.e. w i t h t h e alu-
m i n i u m h y d r o x i d e prec ip i ta te f o r m e d . In th is w a y t h e q u a n t i t y o f d y e s t u f f s 
a n d of o t h e r in ter fer ing subs tances w a s c o n s i d e r a b l y reduced i n t h e solut ion. 
T h e d i f f e r e n c e b e t w e e n t h e m e t h o d s u g g e s t e d b y u s a n d that u s e d b y SPANYÁR 
a n d BLAZOVICH is i l lu s t ra ted in F i g . 1. 
F i g . 2 s h o w s t h e c h r o m a t o g r a m o b t a i n e d b y t h e m e t h o d o f SPANYÁR 
a n d BLAZOVICH (1969) . 
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T a b l e 2 
Analytical data of "dessert ' quality ground paprika complying with 
the specifications of the Hungarian Standard 
Capsaicin 
content 
Gagg"1) 
Deviation 
from the 
average 
Gagg"1) 
Standard 
deviation 
(/tgg-') 
t F 
Determinat ion according to the method 
o f S P A N Y A R a n d B L A Z O V I C H ( 1 9 6 9 ) 
10 
6 
7 
10 
9 
2 
2 
1 
2 
1 
1 . 8 7 
average 8 
0 . 9 5 8 1 .326 
Determination according to the method 
of the authors 
10 
8 
8 
7 
10 
1 
1 
L 
2 
1 
1 .41 
average 9 
T a b l e 3 
Analytical dala of "semi-sweet" quality ground paprika complying with 
the specification of the Hungarian Standard 
Capsaicin 
content 
Gagg"1) 
Deviation 
from the 
average 
Gagg"1) 
Standard 
deviation 
Gagg"1) 
t F 
Determination according to the method 2 7 2 
o f S P A N Y Á R a n d B L A Z O V I C H ( 1 9 6 9 ) 26 3 
2 8 1 2 . 7 3 
3 3 4 
2 9 0 
average 29 0 . 0 0 0 1 .241 
Determinat ion according to the method 29 0 
of the authors 2 5 4 
3 4 5 3 .39 
27 2 
2 8 1 
average 2 9 
C o l u m n A s h o w s t h e c h r o m a t o g r a m p r i o r t o d e v e l o p i n g , c o l u m n В is 
t h e c h r o m a t o g r a m d e v e l o p e d w i t h p o t a s s i u m ( h e x a c v a n o f e r r a t e - I I I ) -f- ferric 
c h l o r i d e r e a g e n t . 
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Fig . 1. Spec t r a of g round p a p r i k a e x t r a c t s f r o m the s a m e s a m p l e . —о —o— e x t r a c t 
p r e p a r e d acco rd ing t o t h e m e t h o d of S P A N Y Á R a n d B L A Z O V I C H ( 1 9 6 9 ) ; —x —x— e x t r a c t 
p r e p a r e d accord ing t o t he m e t h o d suggested b y t h e a u t h o r s . T h e capsaicin c o n c e n t r a t i o n 
is t h e s ame in t h e t w o e x t r a c t s . T h e spec t r a w e r e recorded w i t h t h e s p e c t r o p h o t o m e t e r 
Specord u s i n g a 1-cm cell 
f r o n t  
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О 
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F i g . 2. C h r o m a t o g r a m of t h e e x t r a c t p r e p a r e d accord ing t o t h e me thod of S P A N Y Á R 
a n d B L A Z O V I C H (1969). A — c h r o m a t o g r a m p r io r t o d e v e l o p i n g ; В — c h r o m a t o g r a m 
deve loped w i t h p o t a s s i u m ( h e x a c y a n o f e r r a t e - I I I ) + ferr ic ch lo r i de ; С — c h r o m a t o g r a m 
deve loped w i t h 2 ,6-d ichloroquinone c h l o r o i m i d e 
1* Acta Alimentaria 4, 1975 
A N D R É 8. MILE: DETERMINATION OF CAPSAICIN IN GROUND P A P R I K A 120 
All s p o t s are b lue , i n c l u d i n g t h a t of capsa i c in . 
C o l u m n С is t h e c h r o m a t o g r a m d e v e l o p e d wi th 2 , 6 - d i c h l o r o q u i n o n e 
ch loro imide . T h e caro teno ids are n o t d isco loured, t h e y h a v e k e p t their in i t i a l 
co lour b u t d e c o m p o s e o n air a f t e r s o m e t i m e . T h e r e is a g r e y s p o t a t t h e 
s t a r t i n g p o i n t c a u s e d b y s o m e p r o d u c t of p h e n o l i c t ype . 
f ron t 
О 
о 
о 
CD 
^ C a p s a i c i n ^ C a p s a i c i n 
О 
Л 
A 
s tar t (5) ® ® 
A В С 
Fig. 3. Chromatogram of the ex t rac t prepared according to the method suggested by t h e 
au thors . A — chromatogram prior t o development; В — chromatogram developed w i t h 
potass ium (hexacyanoferrate-III) + ferr ic chloride reagent ; С — chromatogram developed 
with 2,6-dichloroquinone chloroimide 
T h e c h r o m a t o g r a m of t h e e x t r a c t p r e p a r e d b y our m e t h o d is s h o w n i n 
F i g . 3. 
C o l u m n A is t h e c h r o m a t o g r a m prior t o d e v e l o p i n g ; t h e a l k a l i n e 
s o l u t i o n of 5 0 % m e t h a n o l r e m o v e s t h e c a r o t e n e f r o m the g r o u n d paprika, a s 
i n d i c a t e d b y t w o co loured s p o t s . Co lumn В is t h e c h r o m a t o g r a m a f t e r i t 
h a s b e e n d e v e l o p e d w i t h p o t a s s i u m ( h e x a c y a n o f e r r a t e - i l l ) -f- ferric ch lor ide; 
i t a p p e a r s t h a t t h e reduc ing s u b s t a n c e not i n v e s t i g a t e d b y u s h a s also b e e n 
e x t r a c t e d f r o m t h e g r o u n d p a p r i k a . Co lumn С is t h e c h r o m a t o g r a m d e v e l o p e d 
w i t h 2 , 6 - d i c h l o r o q u i n o n e c h l o r o i m i d e . 
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C o m p a r i s o n o f co lumns В i n F i g . 2 and o f С in Fig. 3 s h o w s t h e differ-
e n c e b e t w e e n t h e m e t h o d of SPANYÁR and BLAZOVICH and t h e m e t h o d sug -
g e s t e d b y us. 
S t a t i s t i c a l a n a l y s i s showed n o s ign i f i cant d i f f e r e n c e b e t w e e n t h e results 
o b t a i n e d b y t h e t w o methods. 
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THE INFLUENCE OF IRRADIATION AND PACKAGING 
ON THE KEEPING QUALITY OF PREPACKED CUT ENDIVE, 
CHICORY AND ONIONS 
D . I s . L A N G E R A K 
(Received September 11, 1973) 
The quality of prepacked endive, chicory and onions deteriorates very 
quickly by discolouration, desiccation and microbiological spoilage. 
Because cooling a t about 10 °C during t ranspor t and sale did not give satis-
factory results, the influence of i rradiat ion on the keeping quality has been in-
vest igated. 
The exper iments wi th endive and chicory showed t h a t by washing immedi-
ately a f t e r cutting, pink-discolouration decreased. Dur ing storage, however, this 
discolouration increased again. 
Discolouration was part ial ly prevented by packaging in non-perforated poly-
thene foil of 0.02 m m thereby decreasing the O, and increasing the C 0 2 conten t 
in the bags. 
A difficulty in us ing non-perforated bags was t h a t in non-irradiated products , 
fermenta t ion took place caused by a high microbial coun t (108 g _ 1 ) . In i r radiated 
samples no fe rmenta t ion occurred probably due to the decreased microbial count . 
Cut onions h a d t o be packed in perforated po ly thene bags because s t rong 
gas (C0 2) development took place in non-perforated bags a t tempera tures above 
10 °C. 
The initial t o t a l viable count of endive, chicory and onions varied f rom 
lOHo 107 g - 1 . I r rad ia t ion with doses above 50 krad gave a reduction of this count 
of 3—6 log cycles t h r o u g h which the keeping t ime was lengthened by abou t 100% 
a t 10 — 20 °C. 
The Enterobacteriaceae were main ly eliminated b y irradiation doses higher 
t h a n 100 krad. 
The optimal dose for chicory, onions and endive was found to be 50, 75, 
and 100 krad, resp. Higher doses intensified discolouration and influenced un-
favourably the f l avour . 
Cooking exper iments with cut onions packed in perforated bags showed 
tha t t he non-irradiated product discoloured quickly in to brown a f te r cooking. 
By irradiation with 75—100 krad this discolouration was prevented. 
T h e n e e d for p r e p a c k a g e d a n d p r e t r e a t e d h o r t i c u l t u r a l pro duc t s is in-
creas ing as a c o n s e q u e n c e o f the d e v e l o p m e n t of t h e se l f - serv ice s y s t e m in 
s h o p s a n d s u p e r m a r k e t s a n d because o f t h e lack of p e r s o n n e l in fac tory c a n t e e n s 
a n d at large i n s t i t u t i o n s e.g. hospi ta l s a n d h o m e s for t h e aged . H i t h e r t o pre-
p a c k a g i n g t o o k place a t t h e se l f - serv ice s h o p s a n d s u p e r m a r k e t s t h e m -
se lves . 
I n t h e last f ew y e a r s t h e r e is a c lear t e n d e n c y t o c a r r y o u t t h e p r e p a c k a g -
ing centra l ly t o ach ieve m o r e e c o n o m i c a l a n d e f f i c i ent u s e o f labour a n d e q u i p -
m e n t . H o w e v e r , c en tra l i za t i on m a k e s h e a v y d e m a n d s o n t h e keep ing q u a l i t y 
dur ing s torage , t ranspor t a n d sale. 
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The main problems of prepacked cut vegetables are: 
a) discolouration, b) microbiological spoilage. 
The discolouration is probably caused by: 
an oxidat ion of the phenolic substances available in the cell sap, 
cata lyzed b y such enzymes as polyphenoloxidase or tyrosinase; 
a non-enzvmat ic react ion through a direct oxidat ion or polymeriza-
t i o n o f p o l y p h e n o l s . [ M A X I E a n d A B D A L - K A D E R ( 1 9 6 6 ) , M A T H E W a n d 
P A R P I A ( 1 9 7 1 ] . 
In both reactions 0 2 p l a y s an important role. 
Spoilage can be delayed for a couple of days by cooling. A better method 
is vacuum cooling. The latter s y s t e m demands perforations in the package for 
a quick cold transfer. However , perforations are unfavourable for the colour, 
because these holes cause a h igh 0 2 content in the package. 
Another problem of cool ing is the maintenance of a complete cold-chain 
during transport and sale. Pract ice has shown that this is v e r y expensive and 
o f t e n diff icult to maintain. T h e shelf-life of prepacked vegetables is also 1 t o 
2 days which is too short for centralization. 
Because under practical condit ions cooling alone did not g ive the desired 
results, the application of ioniz ing radiations has been s tudied. Exper iments 
have been carried out with cut endive, cut onions and cut chicory. 
1. Materials and methods 
The products were cut mechanical ly in strips of 5 8 m m thickness 
w i th a G L A S T R A vegetable cu t t ing apparatus, type Ideaal a n d washed in tap-
water in a G L A S T R A vegetable washing apparatus, type Kristal for 1 . 5 min for 
removing the soil particles. 
Af ter washing the product was centrifuged for about 1.5 min wi th a 
spin-drier (900 g) for vegetables (FAM. CHAMPION type F M 11) in order t o 
remove the extra washing water. An amount of washing water higher than 
3 5% inf luenced the storabi l i tv unfavourably b y causing decay. 
After packaging the irradiation was carried out at t h e Pi lot Plant for 
F o o d Irradiation at Wageningen (60Co source of 105 kCi, dose rate 1.4 krad 
m i n - 1 , 1 0 % accuracy) 1 - 5 hours after handling. 
During storage of the prepacked vegetables the fo l lowing criteria were 
evaluated: 
Quality (colour, des iccat ion and visible decay). 
The product was g i v e n scores 5 to 1; 5 denoting opt imal and 1 very 
bad condition. 
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— Gas composi t ion in t h e bags b y measuring 3 b a g s of each p r o d u c t b y 
m e a n s of an Or sat apparatus. 
— Organolept ic t e s t s on the c o o k e d product. T h e qual i ty was assessed 
b y a lab/consumer panel. A hedon ic scale 1 10 was u s e d ( 1 - 2 
bad, 3 4 object ionable , 5 l imi t o f acceptabi l i ty , 6 medium, 7 — 8 
good , 9 10 exce l lent) . Test d a t a were ca lcu la ted according t o the 
Q u i c k R a n k T e s t o f K R A M E R ( 1 9 5 6 , 1 9 6 0 ) . 
— Microbiological contaminat ion . T h e tota l viable c o u n t was d e t e r m i n e d 
on a P l a t e Count A g a r (P.C.A.) m e d i u m (OXOID CM325) af ter 2 d a y s 
i n c u b a t i o n at 35 °C. For the d e t e c t i o n and enumerat ion of Entero-
bacteriaceae a V io le t -Red-Bi l e -Glucose ( V . R . B . ) medium ( O X O I D 
CM323) was used. T h e Enterobacteriaceae were incubated 24 hours at 
30 °C. Of each p r o d u c t 3 bags w e r e examined. D e t e r m i n a t i o n s were 
carried out in dupl icate . 
T h e des ign per p r o d u c t fol lows be low. 
1.1. Endive (Cichorium endivia L.) 
The exper iments h a v e been carried o u t with o u t d o o r and greenhouse 
endive of d i f ferent varieties. For each exper iment a b o u t 30 kg fresh e n d i v e 
were used. 
Af t er c u t t i n g in s tr ips of 5 - 8 m m , washing a n d centrifuging for 1.5 
min, resp. t h e product w a s packed in p o l y t h e n e bags (content 500 g) of 
0 .02 and 0.05 m m thickness w i thout and w i t h 2 perforations of 2 m m d iameter . 
The doses applied w e r e 0, 100, 150, 2 5 0 and 300 krad, resp. The p r o d u c t 
w a s stored at 2 ° , 10° and 12 °C, resp. (LANGERAK et al., 1972). 
1.2. Chicory (Cichorium intybus L.) 
The product came f r o m a retail trader, an auc t ion or a grower. Al l 
samples were handled in t h e s a m e w a y as e n d i v e only t h e spin-drier t i m e a f t er 
washing was var i ed from 1/4 to 1 minute . 
As an ant i -ox idant cys te in was u s e d in concentrat ions of 10 ~ 4 M , 
5 X 1 0 - 4 Ж , 1 0 - 3 Ж and 5 X 1 0 - 3 J i . 
The p r o d u c t was p a c k e d in bags of: a) polythene o f 0 .02 m m t h i c k n e s s 
wi thout a n d w i t h 2 perforat ions of 2 m m diameter, b) p o l y t h e n e of 0 .05 m m 
thickness w i t h o u t perforations. 
The irradiat ion doses appl ied were 0, 50, 100, and 150 krad, respect ive ly . 
T h e product w a s stored at about . 10 °C (8 hours light, 16 hours darkness) (LAN-
G E R A K & H O V E S T A D , 1 9 7 3 ) . 
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1.3. Onions (Allium сера L.) 
T h e f i r s t e x p e r i m e n t s w e r e carried o u t under l a b o r a t o r y c o n d i t i o n s . 
T h e on ions w e r e c u t m e c h a n i c a l l y in 3 m m t h i c k slices. T h e product w a s n o t 
w a s h e d , b e c a u s e w a s h i n g r e m o v e s the s p e c i f i c on ion odour . 
T h e p r o d u c t w a s p a c k e d in p o l y t h e n e b a g s of 0 .02 m m th ickness , w i t h o u t 
perforat ions , i r rad ia ted w i t h 0, 50, 100 a n d 150 krad g a m m a radiat ion a n d 
s t o r e d at 15 °C. 
T h e o t h e r e x p e r i m e n t s w e r e carried o u t under c o m m e r c i a l c o n d i t i o n s . 
T h e produc t w a s p a c k e d in p o l y t h e n e bags o f 0 . 0 2 m m a n d 0 . 0 6 5 m m t h i c k n e s s 
p r o v i d e d w i t h 2 per fora t ions o f 2 m m d i a m e t e r . 
T h e i r r a d i a t i o n doses w e r e 0, 75 a n d 100 krad, r e s p e c t i v e l y (LANGERAK 
& H O V E S T A D , 1 9 7 2 ) . 
2. R e s u l t s 
2.1. Endive 
T h e e x p e r i m e n t s w i t h e n d i v e p r o v e d t h a t q u a l i t y retent ion d u r i n g 
s torage d e p e n d e d t o a g r e a t e x t e n t on v a r i e t y a n d init ia l qual i t ies . T h e f r e s h 
Discolourat ion 
4 0 krad (+) 
5 
4 
31 
Decay ,100 krad 
. » ^ - o (-) 
*— • 
100 krad 
(+) 
0 1 2 3 4 
s torage t i m e ( d a y s ) 
Fig. 1. Inf luence of irradiation and packaging on the discolouration and visible decay 
of prepacked cut endive during storage at 12 °C. T h e endive was [lacked in perforated ( + ) 
and non-perforated (—) polythene bags of 0.02 m m thickness. • denotes coinciding ex-
per imenta l points pertaining to t w o or more t r e a t m e n t s 
2* Acta Alimentaria 4, 1975 
127 I iANGEI lAK: IRRADIATION OF ENDIVE, CHICORY AND ONIONS 
p r o d u c t d i sco loured less t h a n t h e d e s i c c a t e d o n e . F u r t h e r t h e d i sco lourat ion 
w a s m o s t l y m o r e p r o n o u n c e d in o u t d o o r e n d i v e t h a n in g r e e n h o u s e end ive , 
p r o b a b l y due t o a h i g h e r p e r c e n t a g e of w h i t e l e a v e s in t h e o u t d o o r endive . 
T h e p i n k - b r o w n d i s c o l o u r a t i o n of the c u t t i n g surface o f t h e w h i t e p a r t 
o f t h e l e a v e s w a s o n e of t h e m a i n problems in t h e keeping q u a l i t y of t h e 
p r e p a c k a g e d cu t e n d i v e . 
A t t h e b e g i n n i n g o f s torage , s a m p l e s i r r a d i a t e d w i t h a d o s e higher t h a n 
150 k r a d h a d a l i t t l e more d i sco lourat ion t h a n t h e non- i rrad ia ted samples . 
B u t d u r i n g e x t e n d e d s torage t h e d i sco lourat ion o f t h e non- i rrad ia ted s a m p l e s 
i n c r e a s e d w h e r e a s i n t h e i rrad ia ted samples t h e co lour r e m a i n e d a lmos t u n -
c h a n g e d . A t t h e b e g i n n i n g of s t o r a g e a dose o f 1 0 0 krad did n o t cause s ign i f -
i c a n t l y m o r e d i s c o l o u r a t i o n t h a n w a s o b s e r v e d i n t h e non- i rrad ia ted s a m p l e s 
(Fig . 1). 
B e s i d e s b y t h e irradiat ion dose , t h e p i n k - b r o w n d i sco lourat ion was a l s o 
i n f l u e n c e d b y t h e p a c k a g i n g . P a c k a g i n g in s e a l e d p o l y t h e n e b a g s resulted in 
a m o d i f i e d gas a t m o s p h e r e in t h e bags . D u r i n g s t o r a g e in t h e n o n - p e r f o r a t e d 
b a g s t h e 0 2 c o n t e n t f e l l and t h e C 0 2 content r o s e cons iderably , t h u s , part ia l ly 
p r e v e n t i n g d i s c o l o u r a t i o n . 
storage t i m e (days) 
Fig. 2. Composition of the atmosphere in packs of c u t endive. The average gas percent-
ages with the highest and lowest values measured in 3 non-irradiated bags. The cut endive 
was packed in per fora ted ( + ) and non-perforated (—) polythene bags of 0.02 and 0.05 m m 
thickness and stored a t 12 °C 
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H o w e v e r , an ()., c o n t e n t < 1 % a n d a C 0 2 c o n t e n t > 10%, l e d t o inter-
m o l e c u l a r respirat ion a n d souring ( f e r m e n t a t i o n ) , e s p e c i a l l y in n o n - i r r a d i a t e d 
bags in w h i c h t h e m i c r o b i a l count i n c r e a s e d v e r y q u i c k l y (108 g _ 1 ) . 
G a s m e a s u r e m e n t s in p o l y t h e n e b a g s of 0 .05 m m th i cknes s s h o w e d an 
u n f a v o u r a b l e gas c o m p o s i t i o n , b e c a u s e t h e foil w a s t o o i m p e r m e a b l e (Fig. 2). 
P e r f o r a t i o n i n c r e a s e d t h e 0 2 c o n t e n t and d e c r e a s e d t h e C 0 2 content ; 
a h i g h 0 2 content , h o w e v e r , i n c r e a s e d t h e d i sco lourat ion p r o b a b l y o w i n g to 
increased o x i d a t i o n o f t h e p o l y p h e n o l s . 
о I 
/ 
I 
л 
О-
1
 . I . 
1 2 3 4 
s t o r a g e t ime (days) 
K g . 3. Microbiological changes in packaged cut endive caused by irradiat ion. Average 
log count of 3 samples with the highest a n d lowest values, determined on P.C.A.-medium 
(total viable count) and V .R .B , medium (Enterobacteriaceae). The endive was stored in 
non-perforated polythene bags (0.02 m m ) a t 12 °C 
A s regards q u a l i t y (colour a n d decay ) , o p t i m a l results w e r e o b t a i n e d 
w i t h a d o s e of 100 k r a d i n c o m b i n a t i o n w i t h a n o n - p e r f o r a t e d h a g o f 0 . 0 2 m m 
th ickness . 
Microbio log ica l s t u d i e s p r o v e d t h a t t h e init ial t o t a l v iable c o u n t of cut 
e n d i v e w a s about 106 g - 1 . Th i s c o u n t i n c r e a s e d to 108 g _ 1 in a c o u p l e o f d a y s at 
t e m p e r a t u r e s a b o v e 10 °C. Vis ible d e c a y w a s d e t e c t e d w h e n t h e t o t a l v iable 
count e x c e e d e d 107 g - 1 . A n irradiat ion o f 100 krad g a v e a r e d u c t i o n o f 4 to 5 
log c y c l e s (Fig. 3). C o n s e q u e n t l y t h e spo i l age w a s s t r o n g l y d e l a y e d a n d the 
she l f - l i fe w a s l e n g t h e n e d b y about 1 0 0 % . 
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Fig. 4. Sensory qual i ty of i rradiated packaged cu t endive in t h e cooked state. Resu l t s 
of t he organoleptic tests of cut endive packaged in perforated (-p) a n d non-perforated (—) 
polythene bags (0.02 mm), s tored for 1 and 2 days , resp. a t 12 °C. Differences in r ank 
sums between the lowest and highest limits (7—11) and (10 — 20) are not significant a t 
P = 0.05. The acceptabil i ty limit of the score means is 5. Number of panelists: 6 and 5, resp 
T h e in i t ia l c o u n t of Enterobacteriaceae w a s about 105 g - 1 . Dur ing s t o r a g e 
a t t e m p e r a t u r e s a b o v e 10 °C t h e n u m b e r o f Enterobacteriaceae in t h e n o n -
i r r a d i a t e d s a m p l e s w e n t u p t o 107 g - 1 a f t e r 1 t o 2 d a y s , w h e r e a s in i r r a d i a t e d 
s a m p l e s i t w a s m o s t l y less t h a n 103 g - 1 . 
T h e increase in microb ia l c o u n t a t 2 °C w a s very s l o w , s o that t h e d i f fer -
e n c e in k e e p i n g q u a l i t y b e t w e e n t h e i r r a d i a t e d and t h e n o n - i r r a d i a t e d s a m p l e s 
w a s v e r y smal l . S e n s o r y t e s t s o f t h e cooked product p r o v e d t h a t i rrad ia t ion of 
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p r e p a c k e d c u t e n d i v e w i t h d o s e s higher t h a n 150 krad r e s u l t e d in o f f - f l a v o u r 
a n d o b j e c t i o n a b l e d i s co loura t ion . A t doses o f 100—150 k r a d the i rrad ia ted 
s a m p l e s d id n o t di f fer f r o m t h e control d u r i n g t h e f irst d a y s a f t e r i rradiat ion; 
a c c e p t a b i l i t y l i m i t 
3rd day 
P-0.05(7-13) 
4th day 
P-0.05(7-13) 
Colour 
5th day 
P=0.05(7-13) 
fresh Ю0(+) 100Í-) fresh 100(0 100H fresh lOOW 100M 
dose(krad) 
t r e a t m e n t 
Fig . 5. Sensory qual i ty of i r rad ia ted packaged c u t endive in the cooked state. Resu l t s 
of the organoleptic tests of cut end ive packed in perfora ted ( + ) a n d non-perforated (—) 
polythene bags (0.02 mm), stored fo r 3 and 5 days resp. at 12 °C. Differences in rank sums 
between the lowest and highest l imi ts (7—13) a re n o t significant a t P = 0.05. The ac-
ceptabi l i ty limit of t h e score means is 5. Number of panelists: 5 
l a t e r on t h e y w e r e found in s o m e e x p e r i m e n t s t o be b e t t e r t h a n the n o n - i r -
rad ia ted s a m p l e s (Figs. 4 a n d 5). 
2.2. Chicory 
The e x p e r i m e n t s w i t h c h i c o r y s h o w e d t h a t b y w a s h i n g i m m e d i a t e l y 
a f t e r cut t ing p i n k d i s c o l o u r a t i o n decreased. Dur ing s t o r a g e , however , t h e 
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colour c h a n g e i n c r e a s e d again . T h e in f luence o f centr i fug ing t i m e on co lour 
w a s s m a l l (Fig . 7); o n l y a t 1/4 m i n c e n t r i f u g i n g s o m e w h a t l e s s drying t o o k 
p lace t h a n a t 1 min . 
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Fig. 6. Ef fec t of i r radia t ion on the composition of t h e a tmosphere in packs of c u t 
chicory. The average gas percentages with the h ighes t and lowest values measured in 
3 bags. The out chicory was packed in non-perforated poly thene bags of 0.02 mm thickness 
and stored a t 10 °C 
I n t h e p e r f o r a t e d bags t h e ch icory d i s c o l o u r e d c o n s i d e r a b l y quicker t h a n 
in t h e n o n - p e r f o r a t e d bags . A f i l m th ickness o f 0 . 0 2 m m w a s b e t t e r t h a n 0 . 0 5 
m m b e c a u s e w i t h t h e la t t er t h e C 0 2 c o n t e n t in t h e bags rose a b o v e 10%. 
A d i f f i c u l t y i n us ing n o n - p e r f o r a t e d b a g s w a s t h a t in non- i rrad ia ted 
s a m p l e s f e r m e n t a t i o n cou ld t a k e p l a c e as a c o n s e q u e n c e of t h e low 0 2 c o n t e n t 
К 1%), a n d t h e h i g h C 0 2 c o n t e n t ( > 10%) ( F i g . 6) as wel l a s t h e high v i a b l e 
count 108 g - 1 . I n i rrad ia ted s a m p l e s no f e r m e n t a t i o n o c c u r r e d probably d u e 
t o t h e l ower v i a b l e c o u n t . 
A t t h e b e g i n n i n g o f s t o r a g e t h e p ink-d i sco loura t ion w a s s l ight ly i n t e n s i -
f i e d b y irradiat ion . T h i s d i sco lourat ion w a s g r e a t e r a t h i g h e r doses. D u r i n g 
s torage o f i r r a d i a t e d lots , h o w e v e r , d i s c o l o u r a t i o n r e m a i n e d s table , w h e r e a s 
in n o n - i r r a d i a t e d s a m p l e s d i sco lourat ion w o r s e n e d p r o b a b l y d u e t o d e c a y a s 
wel l (F ig . 7). 
I n n o n - p e r f o r a t e d p a c k a g i n g , irradiat ion g a v e no o b v i o u s i m p r o v e m e n t 
w i t h regard t o colour . I n p e r f o r a t e d bags, h o w e v e r , less d i sco lourat ion t o o k 
place in i rrad ia ted s a m p l e s t h a n in n o n - i r r a d i a t e d ones (F ig . 8). 
T h e ini t ia l t o t a l v iab l e c o u n t of c h i c o r y w a s f o u n d I0 5 g - 1 (Table 1). 
A f t e r 2 t o 3 d a y s s t o r a g e a t 10 °C i t had r i sen t o 108 g _ 1 . I r r a d i a t i o n w i t h d o s e s 
h igher t h a n 50 k r a d g a v e a reduct ion of 3 4 orders o f m a g n i t u d e w h i c h 
l e n g t h e n e d t h e k e e p i n g q u a l i t y b y 100%. 
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Fig. 7. I n f l uence of i r radia t ion and cen t r i fuga t ion time on discolouration of c u t chicory. 
The p roduc t was packaged in non-per fora ted polythene bags of 0.02 mm th i ckness and 
stored a t 10 °C. • indicates coinciding expe r imen ta l points per ta in ing to t w o or more 
t r e a t m e n t s 
s t o r a g e t i m e (days) 
Fig. 8. In f luence of i r radiat ion, packaging a n d addi t ion of cyste in (10 _ 3 M) on t h e dis-
colouration of c u t chicory. The p roduc t was p a c k a g e d in non-per fora ted (—) and pe r fo ra t ed 
( + ) po ly thene bags of 0.02 m m thickness a n d s tored a t 10 °C. (A) — washed in wa t e r ; 
(B) — dipped in cystein 
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Table 1 
Influence of irradiation on the total viable count 
Days 
Total viable count, (g- 1 ) in prepacked cut chicory stored at 10 °C 
krad 
0 50 100 150 
3.0 X105 60 80 < 5 0 
0 1 . 4 x 1 0 s 90 70 < 5 0 
m e a n 2.2ХЮ5 75 75 < 5 0 
1.9ХЮ5 1.4 XIO2 1.0X10 2 — 
1 3.1ХЮ5 1.5ХЮ г 70 — 
m e a n 2.5X10 5 1.4ХЮ2 85 
— 
1.2X10' 5.5 XlO3 < 5 0 — 
2 1.4X107 5.5ХЮ 3 < 5 0 
— 
m e a n 1.3X10' 5.5 XlO3 < 5 0 
— 
1.0X108 1.0X104 6.5 XlO2 1.2x10» 
3 0.6 x i o 8 0.9ХЮ 4 3.0 x i o 2 3.0 XlO2 
m e a n 0.8 x 1 0 s 1.0 ХЮ4 4.8X10-' 2.1 XlO2 
T h e i n f l u e n c e o n t h e co lour o f t h e 4 d i f f e r e n t cys te in c o n c e n t r a t i o n s 
v a r i e d (Fig . 8). T h e r e w a s no p r e f e r e n c e for a n y o f t h e 4 concentra t ions . I n 
n o n - p e r f o r a t e d bags d e c a y e v e n t e n d e d t o increase b y cys te in t r e a t m e n t . 
F r o m p r e l i m i n a r y cook ing e x p e r i m e n t s i t a p p e a r e d t h a t n o great d i f fer -
e n c e s were b r o u g h t a b o u t b y t h e d i f f erent t r e a t m e n t s . 
2.3. Onions 
L a b o r a t o r y e x p e r i m e n t s s h o w e d t h a t n o n - p e r f o r a t e d p a c k a g i n g w a s 
f a v o u r a b l e in regard t o colour. 
T h e p r e s e r v a t i o n o f colour p r o b a b l y w a s d u e t o the l o w 0 2 content o f 
1 4 % a n d t h e h i g h C 0 2 c o n t e n t o f 7 - 10% (Fig . 9). 
H o w e v e r , in n o n - i r r a d i a t e d on ions f e r m e n t a t i o n q u i c k l y took p l a c e 
d u e t o t h e h i g h t o t a l v i a b l e c o u n t ( 1 0 8 g - 1 ) , t h e l o w 0 2 c o n t e n t ( < 1%) and t h e 
h i g h CO 2 c o n t e n t ( > 1 0 % ) . 
I n t h e i rrad ia ted on ion f e r m e n t a t i o n h a r d l y occurred b e c a u s e here t h e 
microbia l c o u n t w a s c o n s i d e r a b l y lower, w h i c h f a v o u r a b l y i n f l u e n c e d t h e 
c o m p o s i t i o n of t h e a t m o s p h e r e in t h e bags. In t h e n o n - p e r f o r a t e d bags no g r e a t 
d i f f erences occurred in colour b e t w e e n the i r r a d i a t e d and t h e n o n - i r r a d i a t e d 
s a m p l e s dur ing t h e f i r s t 3 d a y s o f t h e s torage a t 15 °C. H o w e v e r , a f ter t h e 4 t h 
d a y t h e co lour of t h e i rradiated p r o d u c t s h o w e d less decay . 
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T h e init ial t o t a l v i a b l e c o u n t i n t h e P . C . A . m e d i u m w a s 1 0 3 g _ 1 , w h i c h 
s h o w s t h a t t h e p r o d u c t w a s v e r y "c lean". N e v e r t h e l e s s a f t e r 3 d a y s th i s 
c o u n t increased t o > 108 g _ 1 (Fig. 10). 
I rrad ia t ion b r o u g h t about a d i s t i n c t r e d u c t i o n of more t h a n 3 orders 
of m a g n i t u d e . I n s p i t e o f this r e d u c t i o n , the t o t a l c o u n t s t r o n g l y increased 
also in t h e irradiated p r o d u c t . So i t a p p e a r e d t h a t c u t onions are v e r y perish-
able. 
Fig. 9. E f f e c t of irradiation on the composit ion of the a tmosphere in packs of cu t onions. 
The average gas percentages with the h ighes t and lowest va lues measured in 3 samples. 
The cut onions were packaged in non-perfora ted polythene bags of 0.02 m m thickness, 
i r radiated with different doses and s tored a t 15 °C 
I n t h e n o n - i r r a d i a t e d products t h e count of Enterobacteriaceae s t rong ly 
increased. A f t e r 4 d a y s s torage it ro se f r o m < 102 g _ 1 t o a lmos t 108 g _ 1 and 
irradiat ion w i t h 100 k r a d brought a b o u t a d is t inct reduct ion . 
E x p e r i m e n t s u n d e r pract ical c o n d i t i o n s s h o w e d t h a t the p r o d u c t dis-
co loured qu icker in p e r f o r a t e d t h a n i n n o n - p e r f o r a t e d bags. A f t e r 1 d a y dis-
co loura t ion in t h e n o n - i r r a d i a t e d p r o d u c t w a s worse t h a n in t h e i r r a d i a t e d sam-
ples, p r o b a b l y as a r e s u l t o f spoi lage. 
T h e microbia l c o u n t of the p r o d u c t cut u n d e r c o m m e r c i a l cond i t i ons 
w a s 105— 1 0 8 g _ 1 , i.e. m o r e t h a n 3 o r d e r s o f m a g n i t u d e higher t h a n w h e n the 
produc t w a s handled u n d e r laboratory condi t ions . T h e n o n - i r r a d i a t e d product 
spo i led a l r e a d y af ter 2 d a y s (108 - 1 0 9 g - 1 ) . 
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s t o r a g e t i m e (days) 
Fig. 10. Ef fec t of irradiation on microbiological changes in packaged cut onions dur ing 
storage. Average log counts of 3 samples of cut onions with the h ighes t and lowest values 
as determined on P.C.A.-medium (total viable count) and V . R . B , medium (Entero-
bacteriaceae). The onions were stored in non-perforated polythene bags (0.0'2 mm) a t 15 °C 
O k r a d 75 krad 100 k r a d 
0 1 1 1 1 г 1 1 1 —r I 1 1 1 г 
1 2 3 4 1 2 3 4 1 2 3 4 
s t o r a g e t i m e ( d a y s ) 
Fig. 11. Effec t of irradiation on the composition of the a tmosphere in packs of cu t 
onions. The average gas percentages with the highest and lowest values, measured in 
3 samples. The cut onions were packaged in perforated polythene bags of 0.02 m m thick-
ness and stored a t 15 °C 
Irrad ia t ion w i t h 75 a n d 100 krad b r o u g h t about a r e d u c t i o n of 3 a n d 4 log 
cyc les , r e spec t ive ly . I n s p i t e o f th i s reduct ion , t h e k e e p i n g qua l i ty i n c r e a s e d 
b y o n l y 1 or 2 days . A l s o t h e in i t ia l c o u n t o f Enterobacteriaceae was h i g h in 
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Fig. 12. Sensory quality of i r rad ia ted packaged cut onions in the cooked s t a t e . 
Resul ts cf t he organoleptic t e s t s of cut onions packaged in non-perforated poly thene 
hags (0.02 m m ) , stored for 0 a n d 1 day a t 15 °C. Differences in r a n k sums between the 
lowest and h ighes t limits (10—20) a re not significant a t P 0.05. T h e acceptabili ty l imit 
of the score m e a n s is 5. N u m b e r of panelists: 5 
t h e s e e x p e r i m e n t s (106 g _ 1 ) . I rradiat ion b r o u g h t about a reduct ion o f 4 — 5 
orders of m a g n i t u d e , w h i c h w a s not s u f f i c i e n t t o p r e v e n t g r o w t h c o m p l e t e l y . 
In t h e 0 . 0 6 5 - m m p o l y t h e n e bags, t h e C 0 2 c o n t e n t s u r p a s s e d 10%, in 
s j u t e of t h e perforat ions . A s a result of t h e perforat ion, t h e 0 2 c o n t e n t w a s 
f l u c t u a t i n g a r o u n d 10% ( e x c e p t i o n : the 0 - k r a d sample) . A l s o in t h e p e r f o r a t e d 
p o l y t h e n e b a g s o f 0 .02 m m , a s t r o n g d e v e l o p m e n t of gas t o o k place (Fig. 11). 
T h e increase o f C 0 2 c o n t e n t w a s parallel t o the s t r o n g l y increased t o t a l 
v i a b l e count . 
T h e r e s u l t s o f sensory t e s t s of cooked p r e p a c k e d cut o n i o n s t h a t h a d b e e n 
Ttored in p e r f o r a t e d p o l y t h e n e bags are r e p r o d u c e d in F i g s . 12 and 13. N o n -
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Fig. 13. Sensory quality of irradiated packaged cut onions in the cooked s t a t e . Results 
of the organoleptic tests of cu t onions packaged in non-perforated polythene bags (0.02 
mm), s tored for 2 and 3 days resp., a t 16 °C. Differences in r a n k sums between t h e lowest 
and highest limits (10 — 20) and (8—17) a re n o t significant a t P = 0.05. The acceptabi l i ty 
limit of t h e score means is 5. Number of panelis ts : 5 
p e r f o r a t e d p a c k a g i n g w a s favourab le w i t h regard t o t h e colour o f t h e c o o k e d 
p r o d u c t ; n o browning occurred. 
I n genera l f l a v o u r a n d colour o f t h e cooked p r o d u c t were h a r d l y a f f e c t e d 
b y i rradiat ion . H o w e v e r , w i t h d o s e s h i g h e r than 100 k r a d a s l i gh t g r e y dis-
c o l o u r a t i o n occurred. P e r f o r a t e d p a c k i n g was u n f a v o u r a b l e wi th r e g a r d t o t h e 
colour o f t h e cooked product . 
C o o k i n g e x p e r i m e n t s s h o w e d t h a t t h e non- i rrad ia ted p r o d u c t b e c a m e 
brown a n d w a s not a c c e p t a b l e . D u r i n g s torage th i s d i sco lourat ion i n t o brown 
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g r e w more a n d m o r e in tens ive . T h e i rradiated product o n t h e contrary re-
m a i n e d p r a c t i c a l l y wh i t e ; o n l y i n t h e 75-krad s a m p l e did s o m e d i sco lourat ion 
o c c u r a f ter 3 d a y s . 
3 . Conclus ions 
T h e e x p e r i m e n t s s h o w e d t h a t the a p p l i c a t i o n of g a m m a rays for t h e 
centra l i za t ion o f p r e p a c k a g e d c u t v e g e t a b l e s o f f e r s perspect ives , prov ided t h e 
f o l l o w i n g c o n d i t i o n s are t a k e n i n t o account: 
— A s s o o n a s poss ible a f t e r cutt ing , t h e p r o d u c t has t o b e washed (ex-
cept o n i o n s ) , c e n t r i f u g e d a n d p a c k e d in n o n - p e r f o r a t e d p o l y t h e n e 
bags o f 0 . 0 2 m m t h i c k n e s s . H o w e v e r , o n i o n s h a v e t o b e packed i n 
p e r f o r a t e d bags , b e c a u s e s trong gas (CO.,) d e v e l o p m e n t takes p l a c e 
during s t o r a g e at t e m p e r a t u r e s a r o u n d 10 °C. 
— I n c o m b i n a t i o n w i t h t h e pack ing m e n t i o n e d , i rradiat ion is necessary 
t o p r e v e n t f e r m e n t a t i o n a n d decay . T h e keeping t i m e is l e n g t h e n e d 
hereby b y a b o u t 1 0 0 % a t 10 20 °C. 
T h e o p t i m u m rad ia t ion d o s e for c h i c o r y , onions a n d e n d i v e is 50 , 
75 a n d 100 krad, r e s p e c t i v e l y . H i g h e r d o s e s i n t e n s i f y d i sco lourat ion 
a t t h e b e g i n n i n g of s t o r a g e . 
F u r t h e r m o r e , f r o m t h e s e e x p e r i m e n t s i t a p p e a r e d t h a t irradiat ion in-
creases t h e h y g i e n i c qua l i ty b y a reduct ion o f t h e initial c o u n t of Entero-
bacteriaceae. 
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CHANGES IN THE TRIGLYCERIDE STRUCTURE DURING 
THE HARDENING OF SUNFLOWER SEED OIL 
É . K T J R U C Z - L U S Z T I G , P . L U K Á C S - H Á G O N Y , M . J E R Á N E K - K N A P E C Z 
and 
M . P R É P O S T F F Y - J Á N O S H E G Y I 
(Received December 3, 1973) 
The dis t r ibut ion of triglyceride groups conta ining fa t ty acid components 
of various degrees of saturat ion was studied in n a t u r a l sunflower seed oil and in 
sunflower seed f a t obtained b y hydrogenation unde r selective and inselective 
conditions. 
The triglycerides were separated on silver n i t ra te impregnated silica gel 
layer. The f a t t y acid composition of the separated fract ions was determined by gas 
chromatography . The percentage of the weight of individual triglyceride fract ions 
in the oil was quant i ta t ive ly determined by a d d i n g known quant i t i es of pure 
araehidic acid t o the sample. 
The tr iglyceride groups containing f a t t y ac ids of different degrees of sat-
urat ion were calculated from the f a t t y acid composi t ion of the f ract ions . 
By means of this method nine triglyceride groups were de tec ted in natura l 
sunflower seed oil. 
Invest igat ion of the triglyceride groups in t h e products of roughly identical 
slip points (29 °C), obtained by selective and inselective hardening of sunflower 
seed oil, has led t o the following conclusions: 
— about 8 5 % of the sunf lower seed fa t ob ta ined by selective hardening is 
made u p of triglyceride molecules whose th ree fa t ty acid components con-
tain a l together 3 or 4 double bonds (e.g. monolinol-diolein, triolein); 
— inselectively hardened sunflower seed oil conta ins about 60% of triglyceride 
molecules in which the th ree fa t ty acid components contain altogether 3 or 
4 double bonds; 
— in the p roduc t of inselective hardening m o r e triglyceride groups of various 
degrees of saturat ion are found in a re la t ively more even distr ibut ion t h a n 
in the end-product of selective hardening. 
T h e p h y s i c a l a n d chemica l parameters o f t h e various v e g e t a b l e a n d 
a n i m a l oi ls a n d f a t s are d e t e r m i n e d b y t h e d e g r e e of s a t u r a t i o n and cha in 
l e n g t h o f their f a t t y ac ids and t h e pos i t ions o f t h e latter in t h e tr ig lycer ide 
molecu le . W h e n v e g e t a b l e oils are h y d r o g e n a t e d t h e f a t t y a c i d c o m p o n e n t s 
are p a r t l y or t o t a l l y s a t u r a t e d a n d i somerized, c o n s e q u e n t l y t h e tr ig lycer ide 
s t r u c t u r e a n d t h e p a r a m e t e r s are modi f ied . 
D e s c r i p t i o n o f t h e t r ig lycer ide s tructure requires c o m p l e x ana ly t i ca l 
t e s t ing , s ince t h e v a r i o u s fats c o n t a i n a great v a r i e t y of t r ig lycer ide molecu les 
w h o s e propert ies , i n c l u d i n g the i r molecular w e i g h t s , di f fer o n l y s l ight ly . 
Thus , e.g. f i v e f a t t y a c i d c o m p o n e n t s m a y f o r m 35 tr ig lycer ide molecules o f 
d i f f e r e n t f a t t y a c i d c o m p o s i t i o n , or, if a d i s t i n c t i o n is made b e t w e e n the ter -
mina l a n d midd le p o s i t i o n of g lycer in , 75 t r i g l y c e r i d e m o l e c u l e s o f d i f ferent 
s tructures . 
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T h e inves t iga t ion of the g lycer ide structure o f natural s u n f l o w e r seed 
and l inseed oil dates back in our I n s t i t u t e to t h e beginning of t h e 1950's 
( J Á K Y & P E R É D I , 1 9 5 1 ) . T h e g e o m e t r i c a n d p o s i t i o n a l i s o m e r s f o r m e d i n t h e 
s ide-react ions of hydrogenat ion will great ly raise t h e number of tr ig lyceride 
components . This is presumably t h e reason for t h e lack of a d e t a i l e d s tudy 
and t h e description of t h e tr iglyceride structure of hydrogenated f a t s in the 
l i terature. Several m e t h o d s have b e e n w o r k e d out for t h e s tudy of t h e triglyc-
eride c o m p o n e n t s of natura l fats, o f w h i c h the d iverse fract ionat ion methods , 
ox ida t ion and pancreat ic lipase hydro lys i s are t h e most i m p o r t a n t . The 
fract ionat ion methods include counter-current distr ibut ion (EVANS et al., 
1 9 6 6 ) , t h i n - l a y e r c h r o m a t o g r a p h y ( K A U F M A N N et al., 1 9 6 1 ; D E V R I E S & 
J U R R I E N S , 1 9 6 4 ) , c o l u m n c h r o m a t o g r a p h y ( D E V R I E S , 1 9 6 3 ) a n d g a s c h r o m a t o -
graphy (BEZARD et al., 1971). These m e t h o d s enable t h e separation o f fract ions 
according to their degree of unsa tura t ion and to t h e number of t h e i r carbon 
atoms. T h e triglyceride structure c a n be described f r o m the ratio o f t h e fa t ty 
acid c o m p o n e n t s of t h e various f rac t ions . With t h e oxidat ion m e t h o d s con-
clusions are drawn f r o m t h e products a s regards t h e structure of t h e triglyc-
e r i d e c o m p o n e n t s ( Y O U N G S & S U B B A R A M , 1 9 6 4 ; K A R T H A , 1 9 6 9 ) . B y m e a n s o f 
pancreat ic l ipase hydro lys i s it is p o s s i b l e to separate t h e monog lycer ide frac-
t ions in b e t a posit ion a n d thereby t h e f a t t y acid components in t h e middle 
p o s i t i o n o f t h e g l y c e r i d e s ( V A N D E R W A L , 1 9 6 0 ) . B y V A N D E R W A L ' S ( 1 9 6 0 ) 
m e t h o d of calculation, presuming a l , 3 -random-2-random dis tr ibut ion , the 
tr ig lycer ide component s can be c a l c u l a t e d from t h e overall f a t t y a c i d compo-
sit ion of t h e sample u n d e r inves t iga t ion and from t h a t of the b e t a - m o n o g l y c -
e r i d e s ( V A N D E R W A L , 1 9 6 3 ) . 
T h e s e methods m a y also be a p p l i e d to hardened products w h e n comple-
m e n t e d w i t h analyt ical procedures s u c h as e.g. o p e n tubular gas chromato-
g r a p h y ( L I T C H F I E L D & R E I S E R , 1 9 6 3 ; SCHOLFIELII et al., 1 9 6 7 ) s u i t a b l e f o r 
the de terminat ion of t h e geometric a n d posit ional i somers of fa t ty a c i d s formed 
during hydrogenat ion . 
T h e f irs t objec t ive of our inves t i ga t ions w a s t h e de terminat ion of tri-
glyceride groups differing in their degree of saturat ion b y thin- layer chromato-
graphy. D E VRIES a n d JURRIENS (1964) worked w i t h silica gel i m p r e g n a t e d 
wi th s i lver nitrate as t h i n layer on w h i c h the tr ig lyceride molecules could be 
separated according t o t h e number o f unsaturated b o n d s in their structures . 
Separat ion is brought a b o u t b y the я - c o m p l e x e s f o r m e d between t h e unsatu-
r a t e d b o n d s a n d t h e s i l v e r i ons ( M O R R I S , 1 9 6 6 ) . W E S S E L S a n d R A J A G O P A L 
(1969) f o u n d later tha t t h e retention d i s t a n c e depends n o t alone on t h e number 
of double bonds, but a lso on their j>osition in the molecule and o n the ir geo-
metric conf igurat ion. F o r instance, t h e retention distance of t h e triolein 
molecule containing three double b o n d s is greater t h a n that of t h e monol ino-
lene-distearin molecule w h i c h also c o n t a i n s 3 double bonds, on t h e o t h e r hand 
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the retent ion d i s tance of tr ielaidin which h a s a irims-configuration, is s o m e -
what greater t h a n t h a t of triolein containing d o u b l e bonds in c i s -conf igurat ion . 
W i t h the he lp of this m e t h o d it is poss ib le to establish t h e characterist ic 
triglyceride molecu le s of d i f ferent degrees o f saturation i n the s u b s t a n c e 
under inves t igat ion . The method , however, fa i l s t o provide a n answer t o t h e 
ques t ion of t h e pos i t ion of f a t t y acids in t h e marginal and m i d d l e pos i t ions o f 
t h e var ious molecules , further o n the d i s t r ibut ion of palmit ic a n d stearic a c i d 
b e t w e e n the molecules . 
I n this work \ t e s tudied t h e change i n t h e triglyceride groups of v a r i o u s 
degrees of sa turat ion and in the ir d i s tr ibut ion during t h e hydrogenat ion of 
sunf lower seed oil. T h e changes in the tr ig lycer ide structure o f sunflower s e e d 
oil as a result o f hardening were i n v e s t i g a t e d in the case o f t w o p lant - sca le 
hydrogenat ions . I n one case t h e condit ions of hydrogenat ion favoured s e l e c t i v e 
(samples marked I) , in the o ther inse lect ive (samples m a r k e d II) hardening. 
W i t h respect t o se l ec t iv i ty w e h a v e a c c e p t e d ALLEN'S (1960) in terpretat ion 
according to w h i c h se lect iv i ty should m e a n chemical s e l ec t iv i ty , that is, t h e 
s t ep-by- s tep sa tura t ion of t h e unsaturated f a t t y acid c o m p o n e n t s of t h e 
tr ig lycer ide molecules . 
1. Materials and m e t h o d s 
1.1. Materials 
Natura l s u n f l o w e r seed oil and s u n f l o w e r seed fat o b t a i n e d b y h y d r o -
genat ion under d i f ferent condi t ions were inves t igated . T h e hardened s a m p l e s 
came f rom a Normann-system p lant i n t e r m i t t e n t l y operating. A copper-nickel 
ca ta lys t w i th 20 t o 25% of N i content was u s e d . 
Select ive hardening of t h e sunf lower s e e d oil was p e r f o r m e d at t e m p e r a -
tures b e t w e e n 180 a n d 200 °C w i t h a m o d e r a t e l y active c a t a l y s t (50% of f r e s h 
ca ta lys t and 5 0 % of a ca ta lys t used a l ready once in a hardening process) , 
under over-pressure and w i t h o u t agi tat ion (samples I). T h e tota l per iod o f 
hydrogenat ion w a s 4 hours, result ing in a s u n f l o w e r seed f a t w i t h a slip p o i n t 
of 29.1 °C (sample 1/4) as the end-product . B e s i d e the latter t w o in termediary 
samples , one t a k e n in the 90th minute ( sample 1/2) and t h e o t h e r in the 1 8 0 t h 
m i n u t e (sample 1/3) of hardening were also t e s t e d . 
T h e inse lec t ive hardening of sunf lower s e e d oil ( samples II) was per-
formed at t emperatures b e t w e e n 110 and 160 °C with fresh a c t i v e cata lys t a t 
0.7 g a u g e pressure. T h e inves t iga ted end-product produced i n 165 minutes h a d 
a sl ip point of 28 .9 °C, but t w o intermediary products were also tested; o n e 
was a sample t a k e n in the 9 5 t h minute of hardening (sample II/2), the o t h e r 
in t h e 135th m i n u t e (sample II /3) . 
3* Acta Alimentaria 4, 1975 
142 KURUCZ-LL'SZTIG et al.: TRIGLYCERIDES IN OIL HARDENING 
1.2. Test methods 
1.2.1. Thin-layer chromatography for the purification of triglycerides. The 
triglyceride samples to be inves t iga ted w e r e freed f rom t h e diverse d e c o m p o -
s i t ion products , including t h e non-saponi f iable c o m p o n e n t s and f ree f a t t y 
acids, prior t o fract ionat ion. Pur i f i cat ion w a s per formed on a K i e s e l g e l G 
layer wi th petro l ether — e t h e r — acetic a c i d of 90 : 10 : 1 (v/v) as a l ipid-
group-separat ing solvent s y s t e m according t o MALINS a n d MANGOLD (1960) . 
T h e oil s a m p l e s were app l i ed as narrow s tr ipes to the layer . After s e p a r a t i o n 
t h e c o m p o n e n t s were m a d e vis ible in t h e marginal b a n d o f the layer b y m e a n s 
of iodine v a p o u r . The z o n e containing t h e triglycerides w a s scraped o f f t h e 
plate and e l u t e d from t h e s i l ica gel w i th e ther . 
1.2.2. Separation of triglyceride groups by means of thin-layer chromato-
graphic analysis. Separat ion of the tr ig lycer ide groups w a s performed o n the 
Kieselgel G layer i m p r e g n a t e d wi th 10% (w/w) of si lver n i trate with a s o l v e n t 
s y s t e m cons i s t ing of ch loroform and m e t h a n o l in the proport ion of 98 : 2, or 
99 : 1 (v/v). 2 5 t o 30 m g of purif ied tr ig lycer ide was a p p l i e d in the f o r m of a 
narrow s tr ipe t o each p la te . A t the e n d o f t h e run t h e fractions w e r e m a d e 
visible in t h e U V light b y t rea tment w i t h dichlorofluorescein. The z o n e s con-
taining t h e d iverse tr ig lyceride groups w e r e scraped o f f t h e plates. 
1.2.3. Preparation of the methyl esters. The fatty acid components of 
t h e tr iglycerides adsorbed o n t h e silica g e l were c o n v e r t e d into m e t h y l esters 
b y boiling w i t h a so lvent m i x t u r e cons i s t ing of methano l , benzene a n d sul-
phuric acid, 75 : 25 : 4 (v /v) , for 2 hours. T h e methyl e s ters were then e x t r a c t e d 
from the e s ter i fy ing m i x t u r e wi th petrol e ther — ether, 1 : 1 (v/v). P r i o r to 
ester i f icat ion e x a c t l y 1 m g o f gas chromatographical ly p u r e methyl a r a c h i d a t e 
was added t o each tr ig lycer ide fraction (BLANK et al., 1965) . 
1.2.4. Gas chromatography of the methyl esters. The gas chromatographic 
analysis o f t h e methy l esters w a s performed in A PYE UNICAM apparatus, under 
t h e fo l lowing condit ions: 
L e n g t h of column: 1.8 m 
Interna l diameter of co lumn: 0 .4 c m 
Support : Chromosorb W (100 to 120 mesh) 
S t a t i o n a r y phase: 1 0 % of e thy leneg lyco l succ inate 
Temperature: of t h e thermosta t 188 °C, of the d e t e c t o r 240 °C, o f the 
evaporator 240 °C 
D e t e c t o r : f lame i o n i z a t i o n 
Carrier gas: nitrogen, 50 ml m i n - 1 . 
In a d d i t i o n to the f a t t y acid compos i t ion , the chromatograms c o u l d be 
used to d e t e r m i n e the quant i t i e s of the f rac t ions from t h e area under t h e peak 
of the k n o w n quant i ty of m e t h y l arachidate . 
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1.2.5. Determination of isolated trans-isomer fatty acid content. The trans-
i s o m e r f a t t y a c i d c o n t e n t w a s d e t e r m i n e d accord ing t o t h e I U P A C m e t h o d 
p u b l i s h e d in 1970 w i t h t h e I R s p e c t r o p h o t o m e t e r ZEISS U R 20. 
2 . R e s u l t s 
2.1. Natural sunflower seed oil 
T h e p u r e s u n f l o w e r s e e d oil u s e d as t h e base mater ia l of h y d r o g e n a t i o n 
g a v e n i n e f r a c t i o n s on t h e s i lver n i t ra te i m p r e g n a t e d layer . T h e p r o p o r t i o n 
o f t h e f r a c t i o n s a n d t h e d i s t r ibut ion o f t h e f a t t y acid c o m p o n e n t s a m o n g t h e 
f r a c t i o n s are s h o w n in T a b l e 1. 
T h e t a b l e c o n t a i n s t h e f r a c t i o n s in t h e order as t h e y a p p e a r on t h e layer . 
N o . 1 is t h e l o w e s t fract ion w i t h t h e s m a l l e s t re tent ion d i s tance , N o . 9 , t h e 
u p p e r m o s t f rac t ion , has t h e g r e a t e s t r e t e n t i o n distance. 
T h e t y p e s o f tr ig lycer ides in t h e v a r i o u s fract ions w e r e d e t e r m i n e d f r o m 
t h e f a t t y ac id c o m p o s i t i o n o f t h e f r a c t i o n s w i t h the h e l p o f l i t erature d a t a 
(WESSELS & RAJAGOPAL, 1969; KAUFMANN & WESSELS, 1964). D i s t r i b u t i o n 
a c c o r d i n g t o p e r c e n t a g e (w/w) o f t r ig lycer ides wi th in t h e f ra c t io ns w a s de ter -
m i n e d f r o m t h e f a t t y ac id c o m p o s i t i o n s u s i n g a s y s t e m o f e q u a t i o n s o f t h e 
f i rs t order w i t h severa l u n k n o w n s . T h e d i s t r i b u t i o n of t h e t r ig lycer ide g r o u p s 
Table 1 
Fatty acid composition of the triglyceride components 
of sunflower seed, oil after separation on thin-layer and the percentage (w/w) 
distribution of the fractions 
[Layer : Kieselgel G impregnated with 10% (w/w) of AgNO. 
Solvent : chloroform—methanol, 98 : 2 (v/v)] 
Name 
Fatty acid components 
Triglyceride 
fraction, % Palmitic acid, 0/ /о 
Stearic acid, 0/ /о 
Oleic acid, 
% 
Linoleic acid, 
% 
Original oil 5.7 3.9 25.2 65.2 — 
Fraction 1 
— 
2.5 97.5 26.6 
Fraction 2 1.2 0.3 32.2 66.3 27.4 
Fraction 3 15.3 12.8 4.9 67.0 15.8 
Fraction 4 2.1 1.6 62.9 33.4 11.7 
Fraction 5 17.2 10.5 36.0 36.3 10.1 
Fraction 6 2.8 2.0 85.6 9.6 2.6 
Fraction 7 29.1 18.4 22.2 30.3 2.4 
Fraction 8 16.3 14.9 60.2 8.6 2.7 
Fraction 9 30.2 22.9 46.9 
— 
0.7 
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in t h e original o i l w a s o b t a i n e d f rom t h e a b o v e d a t a a n d f r o m the r a t i o o f 
f rac t ions . 
U s i n g t h i s m e t h o d t h e m a x i m u m s t a n d a r d d e v i a t i o n b e t w e e n t h e re su l t s 
o f f i v e paral le l a n a l y s e s is s~ = + 0.69. T h e p r o b a b l e v a l u e of the q u a n t i t y 
o f s ingle t r i g l y c e r i d e s (M) is, f r o m t h e a v e r a g e (X) of three paral le l d e t e r m i n a -
t i o n s , i n c a s e o f P = 95%, M — X + 1 1 3 . I n t h e s e c a l c u l a t i o n s no d i s t i n c t i o n 
w a s made b e t w e e n pa lmi t i c a c i d and s t ear i c acid, in o t h e r words, t h e t o t a l 
q u a n t i t y of t h e t w o was c o n s i d e r e d as t h e t o t a l s a t u r a t e d f a t t y acid c o n t e n t . 
The d i s t r i b u t i o n of t h e f a t t y acid c o m p o n e n t s in t h e fract ions i n d i c a t e s 
t h e i r main t r i g l y c e r i d e c o m p o n e n t . For i n s t a n c e , in t h e f i r s t fract ion tr i l ino l 
(LLL), in t h e s e c o n d d i l i n o l - m o n o o l e i n (LLO) is t h e ma in c o m p o n e n t . I n e a c h 
f r a c t i o n smal l q u a n t i t i e s o f t h e tr ig lycer ide c o m p o n e n t s character i s t i c o f t h e 
t w o adjacent f r a c t i o n s are a l s o present. I n t h e th ird f r a c t i o n d i l i n o l - m o n o -
s a t u r a t e d (LLS) is t h e c o m p o n e n t occurring i n the h i g h e s t quant i ty , in t h e 
f o u r t h f rac t ion m o n o - l i n o l - d i o l e i n (LOO). S e p a r a t i o n of t h e s e t w o t r ig lycer ide 
g r o u p s s h o w s c l ear ly t h a t o f t h e t w o m o l e c u l e s w i t h ident i ca l n u m b e r s o f 
d o u b l e bonds ( b o t h h a v i n g a l t o g e t h e r four u n s a t u r a t e d b o n d s ) the o n e w i t h 
t h e f a t t y ac id c o m p o n e n t c o n t a i n i n g more d o u b l e bonds wi l l h a v e the s m a l l e r 
r e t e n t i o n d i s t a n c e . 
T h e p e r c e n t a g e d i s t r i b u t i o n of the t r i g l y c e r i d e g r o u p s in s u n f l o w e r s e e d 
o i l is s h o w n in T a b l e 2. 
Table 2 
Distribution of the various triglyceride groups 
in sunflower seed oil, % (w/w) 
(S = sa tura ted f a t t y acids, О = oleic acid, L = linoleic acid) 
Type of triglyceride % (w/w) 
O S S 0 . 4 
O O S 1 .4 
L S S 1 . 9 
О О О 
3 . 0 
L O S 1 1 . 0 
L O O 1 2 . 5 
L L S 1 4 . 6 
L L O 3 0 . 4 
L L L 2 4 . 8 
The resu l t s are a lmost i d e n t i c a l wi th t h e resu l t s t o b e f o u n d in t h e l i tera-
t u r e on s u n f l o w e r seed oil (GUNSTONE & QUERESHI, 1965). 
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2.2. Hydrogennted sunflower seed oil 
T h e h v d r o g e n a t e d s a m p l e s w e r e s u b j e c t e d t o t h e s a m e t e s t s as the orig-
ina l s u n f l o w e r s e e d oil, whi le t h e p o l a r i t y of t h e f r a c t i o n a t i n g s o l v e n t s y s t e m 
h a d t o b e c h a n g e d b e c a u s e of r e d u c e d u n s a t u r a t i o n of t h e s a m p l e s . T h e frac-
t i o n s d i d not s e p a r a t e qui te as s h a r p l y on the t h i n - l a y e r as in t h e c a s e of natura l 
s u n f l o w e r s e e d oil, d u e p r o b a b l y t o t h e sl ight d i f f erence b e t w e e n t h e re tent ion 
d i s t a n c e s of t r ig lycer ides c o n t a i n i n g /raws-isomer f a t t y acids f o r m e d during t h e 
h y d r o g e n a t i o n a n d t h e r e t e n t i o n d i s t a n c e s of t h e tr ig lycer ides c o n t a i n i n g cis-
f a t t y ac ids of t h e s a m e carbon n u m b e r and o f t h e s a m e d e g r e e o f sa turat ion . 
T h e f a t t y a c i d c o m p o s i t i o n , /raws-isomer f a t t y ac id c o n t e n t a n d s l ip 
p o i n t o f t h e e n d - p r o d u c t ( sample 1/4) p r o d u c e d b y t h e h a r d e n i n g o f s u n f l o w e r 
s e e d oi l b y process I , as wel l a s o f t h e t w o i n t e r m e d i a r y p r o d u c t s ( samples 
1 /2 a n d 1/3) of h a r d e n i n g a n d o f t h e sunf lower s e e d oil u s e d a s b a s e mater ia l 
( s a m p l e I / l ) are s h o w n in T a b l e 3. 
Table 3 
Changes in the fatty acid composition and slip point of sunflower seed oil during 
hardening of type I (of selective character) 
Condi t ions of hardening: t empera tu re : 180 to 200 °C, 
oil: 7 500 kg 
hydrogen: 140 m3h ~1  
ca ta lys t : 75 kg of f resh and 
75 kg of once used 
Ni-Cu ca ta lys t with 20 to 25% 
Ni content 
Fat ty acid component 
Samples 
I/l 1/2 1/3 1/4 
Palmitic acid 5.7 5.9 6.0 6.1 
Stearic acid 3.9 4.9 6.3 6.8 
Oleic acid 25.2 35.3 58.1 72.3 
Linoleic acid 65.2 53.9 29.6 14.8 
Trans fatty acid 
— 
14.8 50.0 58.3 
Slip point, °C 
— — 
25.2 29.1 
T h e d i s t r i b u t i o n of t h e t r ig lycer ide c o m p o n e n t s d e t e r m i n e d from t h e 
f r a c t i o n s s e p a r a t e d o n t h e t h i n - l a y e r s are p r e s e n t e d in T a b l e 4 a n d Fig . 1. 
T a b l e 5 c o n t a i n s t h e d a t a o n t h e f a t t y a c i d c o m p o s i t i o n , tfraws-isomer 
f a t t y a c i d c o n t e n t a n d sl ip p o i n t o f the e n d - p r o d u c t ( sample 11/4) o b t a i n e d 
b y proces s I I o f harden ing of t h e s u n f l o w e r s e e d oil, as wel l as t h o s e of the t w o 
i n t e r m e d i a r y p r o d u c t s ( samples I I / 2 a n d II /3) a n d of t h e s u n f l o w e r s e e d oi l 
u s e d as base mater ia l ( sample I I / 1 ) . 
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T a b l e 4 
Percentage (w/w) distribution of triglyceride groups with different degrees 
of saturation of their fatty acid components in samples taken from the selective 
(type I ) hardening of sunflower seed oil 
(S = s a t u r a t e d f a t t y acids, О = oleic acid, L = linoleic acid) 
Type 
ol 
triglyceride 
sss 
O S S 
O O S 
L S S 
ООО 
L O S 
L O O 
L L S 
L L O 
L L L 
Percentage (w/w) distribution of triglyceride groups 
Number of samples and time of sampling 
1/1 
(0 min) 
0 . 4 
1 . 4 
1 . 9 
3 . 0 
11.0 
1 2 . 5 
1 4 . 6 
3 0 . 4 
2 4 . 8 
1/2 
(90 min) 
0 . 5 
6 . 9 
2.8 
8.6 
1 3 . 8 
1 8 . 3 
11.6 
2 3 . 3 
1 4 . 2 
1/3 
(180 min) 
0 . 3 
3 . 3 
9 . 9 
3 . 7 
2 2 . 3 
16.8 
2 2 . 4 
3 . 6 
16.1 
1.6 
1/4 
(240 min) 
0 . 4 
3 . 8 
10.0 
3 . 9 
4 0 . 1 
11.0 
28.6 
0 . 5 
1 .7 
40 
35-1 
30 
i 25 
j í 
г
1
 20 
1 5 -
1 0 -
LLL LLO LLS L 0 0 LOS 0 0 0 LSS OOS OSS S S S 
L NÜ I i Л 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
Fig. I. Changes in t h e t r ig lycer ide g r o u p s of sunf lower seed oil du r ing h a r d e n i n g of 
t y p e 1 (selective h a r d e n i n g ) . (Based on d a t a f r o m Table 4). S a m p l e 1: n a t u r a l sunf lower 
seed oil, t h e base m a t e r i a l of h a r d e n i n g . S a m p l e 2: t aken in t h e 90th m i n u t e of ha rden ing . 
S a m p l e 3: t a k e n in t h e 1 8 0 t h m i n u t e of h a r d e n i n g . S a m p l e 4 : t a k e n in t h e 240 th minu t e 
of h y d r o g e n a t i o n , t he e n d - p r o d u c t of h a r d e n i n g . (S = s a t u r a t e d f a t t y acids , О = oleic 
acid, L = linoleic acid) 
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T a b l e 5 
Changes in the fatty acid composition and slip point of sunflower seed oil during 
inselective (type I I ) hardening 
Condi t ions of h a r d e n i n g : t e m p e r a t u r e : 110 t o 160 °C 
oil: 7 500 k g 
h y d r o g e n : 140 m 3 h _ 1 
c a t a l y s t : 100 k g f r e sh Ni-Cu c a t a l y s t w i th 20 t o 2 5 % 
N i c o n t e n t 
Fa t ty acid components 
Samples 
П/1 II /2 I I /3 II/4 
Palmit ic acid 5.7 6.2 6.5 6.8 
Stearic acid 3.9 5.4 9.7 10.5 
Oleic acid 25.2 31.9 47.8 60.2 
Linoleic acid 65.2 56.5 36.0 22.5 
Trans - fa t ty acid — 9.8 20.8 35.6 
Slip point , °C 
— — 
23.2 28.9 
T a b l e 6 a n d F i g . 2. i l l u s t r a t e t h e d i s t r i b u t i o n o f t h e t r i g l y c e r i d e c o m p o -
n e n t s d e t e r m i n e d f r o m t h e f r a c t i o n s s e p a r a t e d o n t h i n - l a y e r s . 
T a b l e 6 
Percentage (vojw) distribution of triglyceride groups with different degrees of 
saturation of their fatty acid components in samples taken from the 
inselective (type I I ) hardening of sunflower seed oil 
(S = s a t u r a t e d f a t t y acids, О = oleic acid, L = l inoleic acid) 
Percentage (w/w) distribution of triglyceride groups 
Type ol 
Number of samples and time of sampling 
triglyceride 
I I / l 
(0 min) 
II /2 
(75 min) 
II/З 
(135 min) 
II/4 
(165 min) 
sss 1.0 1.3 
OSS 0.4 2.3 3.9 4.9 
OOS 1.4 5.7 9.2 16.6 
LSS 1.9 2.2 3.9 2.6 
ООО 3.0 7.3 21.6 26.6 
LOS 11.0 9.6 11.6 12.2 
LOO 12.5 12.5 18.2 20.4 
LLS 14.6 12.8 8.2 3.8 
LLO 30.4 28.3 22.0 10.6 
LLL 24.8 19.3 0.4 
— 
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Fig. 2. Changes in the triglyceride groups of sunf lower seed oil dur ing hardening of t y p e 
I I (inselective hardening) . (Based on d a t a from Table 6). Sample 1: na tu ra l sunflower seed 
oil, the base ma te r i a l of hardening. Sample 2: t a k e n in the 75th m i n u t e of hardening. 
Sample 3: t aken in the 135th minu te of hardening. Sample 4: taken in the 165th m i n u t e 
of hydrogenation, t he end-product of hardening. (S = saturated f a t t y acids, О = oleic 
acid, L = linoleic acid) 
3. Conc lus ions 
U n d e r t h e c o n d i t i o n s o f h y d r o g e n a t i o n I , f avour ing s e l e c t i v e s a t u r a t i o n 
o f t h e t r ig lycer ide molecu les (Fig . 1), t h e q u a n t i t y of t h e m o s t u n s a t u r a t e d 
c o m p o n e n t s o f s u n f l o w e r - s e e d oil , n a m e l y t h a t of tri l inol (LLL) and di l inol -
m o n o o l e i n (LLO) g r a d u a l l y decreased , w h i l e t h e quant i t i e s o f t h e m o n o l i n o l -
dio le in (LOO) a n d o f t h e tr io le in ( o o o ) f r a c t i o n s increased. T h e d i l ino l -mono-
s a t u r a t e d (LLS) m o l e c u l e s b e c a m e g r a d u a l l y s a t u r a t e d , w h i l e t h e diene c o m -
p o n e n t s were c o n v e r t e d into m o n o e n e s . T h e e n d p r o d u c t of h a r d e n i n g c o n t a i n e d 
m a i n l y t r i g l y c e r i d e molecu les w h o s e three f a t t y ac id c o m p o n e n t s c o n t a i n e d 
a l toge ther 3 or 4 d o u b l e bonds . T h e s e f a t t y a c i d c o m p o n e n t s w e r e m o n o l i n o l -
d io le in (LOO), m o n o l i n o l - m o n o o l e i n - m o n o - s a t u r a t e d (LOS), a n d tr io le in ( o o o ) , 
a n d their c o n t r i b u t i o n a m o u n t e d t o a b o u t 8 5 % of the h a r d e n e d oil. A t t h e 
s a m e t ime t h e overa l l q u a n t i t y o f tri l inol (LLL) a n d of d i l ino l -monoo le in (LLO), 
cons idered t h e m a i n c o m p o n e n t s of s u n f l o w e r s e e d oil, d r o p p e d f rom t h e 
in i t ia l 5 5 % b e l o w 2%. 
U n d e r t h e c o n d i t i o n s o f h y d r o g e n a t i o n o f t y p e I I t h e q u a n t i t y of t h e 
m o s t u n s a t u r a t e d c o m p o n e n t s o f t h e s u n f l o w e r - s e e d oil d e c r e a s e d g r a d u a l l y 
(Fig . 2), m o r e o v e r t h e tri l inol (LLL) m o l e c u l e s d i s a p p e a r e d c o m p l e t e l y , s i m i -
lar ly t o the s e l e c t i v e t y p e h y d r o g e n a t i o n I, w h i l e t h e q u a n t i t y o f t r ig lycer ide 
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Fig. 3. Distr ibut ion of the tr iglyceride groups of sunflower seed oil a f t e r hardening by 
process I (selective type of hardening) and by process I I (inselective t y p e of hardening) , 
resp. Sample 1: end-product of hardening by process I . Sample 2: end-product of harden-
ing by process I I . (S = s a tu ra t ed fa t ty acids, О = oleic acid , L = linoleic acid) 
m o l e c u l e s c o n t a i n i n g a l t o g e t h e r 3 or 4 d o u b l e bonds - s u c h as of m o n o l i n o l -
d io l e in (LOO) a n d of tr io le in ( o o o ) — increased . The l a t t e r t w o c o m p o n e n t s 
a m o u n t e d t o a b o u t 6 0 % of t h e e n d - p r o d u c t . 
F i 'om F i g . 3, in w h i c h t h e tr ig lycer ide c o m p o n e n t s o f t h e e n d - p r o d u c t s 
o f prac t i ca l ly ident ica l s l ip p o i n t s (29 °C) o b t a i n e d b y h y d r o g e n a t i o n u n d e r 
t w o d i f f erent s e t s of c o n d i t i o n s are s h o w n , t h e fo l lowing conc lus ions c a n b e 
d r a w n : U n d e r t h e c o n d i t i o n s o f h y d r o g e n a t i o n of t y p e I I t h e s u n f l o w e r s e e d 
oi l is s a t u r a t e d in a more i n s e l e c t i v e m a n n e r t h a n u n d e r t h e c o n d i t i o n s o f 
h y d r o g e n a t i o n o f t y p e I. T h i s is ind ica ted b y t h e higher s t e a r i c ac id a n d h i g h e r 
l inole ic ac id c o n t e n t of e n d - p r o d u c t I I ( T a b l e s 3 and 5), f u r t h e r b y t h e o c c u r -
r e n c e o f 6 d i f f e r e n t t r ig lycer ide groups in q u a n t i t i e s a b o v e 4 % a n d in a r e l a t i v e l y 
m o r e e v e n d i s t r ibut ion ( b e t w e e n 4 and 2 7 % ) , whi le in t h e e n d - p r o d u c t o f t h e 
h y d r o g e n a t i o n o f t y p e I o n l y 4 s u c h t r ig lycer ide groups a r e present (in q u a n -
t i t i e s b e t w e e n 4 a n d 4 0 % ) . 
H o w e v e r , t h e fac t t h a t tr i l ino l m o l e c u l e w a s not f o u n d in t h e e n d - p r o d u c t 
o f h a r d e n i n g o f t y p e I I e i ther , a n d t h a t t r i o l e i n occurred i n t h e highest q u a n -
t i t y , i n d i c a t e s t h a t under t h e g i v e n c o n d i t i o n s , bes ide i n s e l e c t i v e s a t u r a t i o n , 
s o m e s a t u r a t i o n o f t h e s e l e c t i v e t y p e has a l s o t a k e n p lace . 
The au thors wish to express their thanks to Mr. J . JUHÁSZ, p l a n t engineer of t he 
Rákospalotai Növényolajgyár, for his courtesy in permit t ing to t a k e samples f r o m the 
p l an t . 
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EXPERIMENTS TO INCREASE THE JUICE YIELD 
OF GRAPES BY RADIATION TREATMENT 
S . F E R E N C Z I 
(Received December 27, 1973) 
The effect of i rradiat ion a t different dose levels (50, 200, 800 and 1 600 
krad) on the juice yield and on the composition and organoleptic qual i ty of t he 
wine, fermented f rom the juice, was studied in seven experimental series. All ex-
periments were carried out in 3 replicates. 
The juice yield of the t r ea t ed grapes increased with increasing dose level. 
The m a x i m u m increase in yield was 28% in comparison to t h a t of the control. 
On the average a linear correlation was found between the square root of dose 
and the percentage increase in yield. 
At higher dose levels a change in consistency, darkening of the colour, 
sof tening and thinning of the f r u i t skin and s tem and the l iquefact ion of the f r u i t 
was observed. Fermenta t ion was neither re ta rded nor slowed down by radiat ion 
t r ea tmen t . 
The composition of wines gained f rom t h e fermented juice of t rea ted grapes, 
par t icular ly those treated wi th high doses, differed to a certain degree f rom t h a t 
gained f rom unt rea ted f ru i t . Increased ext rac t , ash content, p H , index of poly-
phenols and colour intensity were observed. The change was par t icular ly signif-
icant and unfavourable in wines gained f rom grapes treated wi th 800 and 1 600 
krad , respectively. These had a n unpleasant odour and f lavour of oxidized, foreign 
character . 
Thus, t r ea tmen t with 800 and 1 600 krad , proved undesirable. Fur ther ex-
periments are required to tes t t h e effect of lower doses between 200 and 500 krad . 
T h e a p p l i c a t i o n in t h e f o o d indus tr i e s o f r a d i a t i o n t r e a t m e n t for v a r i o u s 
p u r p o s e s is g r a d u a l l y ga in ing g r o u n d . T h e p r i m e a i m of i r r a d i a t i n g fru i t s is 
t o p r o l o n g the ir s t o r a g e life, t o p r e s e r v e t h e m . H o w e v e r , s o m e s ide -e f fec t s , 
s u c h a s t h e increase o f ju ice y i e l d u p o n process ing , are n o t n e g l i g i b l e e i ther . 
T h i s e f f e c t is p a r t i c u l a r l y i m p o r t a n t as regards grapes . T h e i n c r e a s e of grape 
ju ice y i e l d des i rab ly reduces p r i m e cost , i m p r o v e s e c o n o m i c e f f i c i e n c y . H o w -
ever , t h e increase in y i e l d m u s t n o t impair t h e q u a l i t y of m u s t or wine. T h e 
j u i c e y i e l d m a y b e increased b y t h e app l i ca t ion o f presses of n e w c o n s t r u c t i o n 
or o f p e c t o l y t i c e n z y m e s , b u t r a d i a t i o n t r e a t m e n t is also a p o s s i b i l i t y . 
T h e increase o f ju ice y i e l d d e p e n d s on t h e c o m p r e s s i b i l i t y o f t h e grape , 
w h i c h in turn d e p e n d s on t h e q u a n t i t y a n d q u a l i t y of i n t e r l a m e l l a r p e c t i n 
c o n t e n t of t h e grapes . A s a n e f f e c t o f i rradiat ion p e c t i n b r e a k s d o w n e a s i l y 
a n d a t t h e s a m e t i m e t h e t i s sues are also d a m a g e d a n d t h e r e b y t h e i r compres -
s i b i l i t y is i m p r o v e d a n d t h e j u i c e y i e l d increased . 
R e l a t i v e l y f e w d a t a m a y b e f o u n d in t h e l i terature o n t h e ju ice y i e l d o f 
g r a p e s as a f f e c t e d b y ioniz ing rad ia t ions . S o v i e t a u t h o r s (KOVAL'SKAYA et at., 
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1961; VASILEVA et ál., 1963) f o u n d a juice increase of 1 0 % upon t r e a t m e n t wi th 
4 0 0 - 600 krad. This w a s considered t o be due to t h e impairment of t h e skin 
structure, of t h e correlat ion be tween skin and f lesh a n d to the i m p r o v e d per-
meabi l i ty of the t issues. ROGACHEV (1966) found t h a t t h e shelf-l ife o f certain 
frui t s could be e x t e n d e d b y radiation treatment . U p o n treatment w i t h 300 krad 
t h e s torage life of grapes w a s e x t e n d e d b y 10 15 d a y s a t 25 °C. W h e n irradiated 
w i t h doses a b o v e 400 krad yel low or brown discolourat ion and a reduced 
i m m u n i t y to subsequent infect ion w a s observed. A s an effect o f t rea tment 
t h e y ie ld of grapes increased b y 7 — 1 0 % . 
F R U M K I N a n d N A K H M E I J O V ( 1 9 7 0 ) o b s e r v e d a n i n c r e a s e o f 7 1 6 % i n 
juice y ie ld u p o n t r e a t m e n t wi th 100—500 krad a n d t h e qual i ty of dry table 
wines was also improved . The juice y i e ld of apple w a s increased b y 3 8 % 
u p o n irradiation w i t h 50 300 krad. 
MASSEY (1968) i n v e s t i g a t e d t h e mechanism o f irradiation e f f ec t and 
f o u n d t h a t f irst t h e semipermeable m e m b r á n of t h e cells was d a m a g e d and 
t h e degradat ion of pec t in a n d cellulose w a s also p r o m o t e d . 
MALYSHEV a n d ROGACHEV (1970) f o u n d t h a t irradiation p l a y e d an im-
por tant role in t h e m e c h a n i s m of degradat ion of t h e cell walls, b o t h during 
t h e period fo l lowing t r e a t m e n t and during storage as well . 
Dur ing 1970 pre l iminary exper iments were carried out to increase the 
juice y ie ld of grapes b y radiat ion t r e a t m e n t and an increase of 12 15% was 
achieved. On the basis of these results our Ins t i tu te w a s commiss ioned b y the 
Central Food Research Institute to investigate the effects of radiation treatment 
upon juice yield, u p o n t h e process of fermentat ion , u p o n the compos i t ion of 
wines gained from t h e juice of radiat ion treated grapes a n d upon their organo-
lept ic qual i ty . 
1. Materials and methods 
1.1. Place of cultivation and variety of grapes 
The equal ized b a t c h e s of grapes were obta ined f r o m the Research St at ions 
of the Research Institute for Viticulture and Knology at Miklóstelep and Eger. 
The radiat ion t r e a t m e n t w a s carried out in the irradiat ion plant of t h e Central 
Food Research Institute and the experiments in the laboratories of the Research 
Institute for Viticulture and Enology. 
The grape var ie t ies t e s t e d were as follows: 
Eger Egri csillagok 
Olasz rizling 
Miklóstelep Kocsis Irma 
Kövidinka 
Hárslevelű (on 3 occasions) 
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1.2. Conditions of irradiation 
T h e freshly p icked grapes were treated within 3 — 5 hours in t h e Exper i -
mental Irradiation Plant of the Central Food Research Institute (Budapest). 
The nomina l ac t iv i ty of t h e 6 0Co radiat ion source is 60 kCi and the dose rate 
180 krad h " 1 . 
T h e radiation doses appl ied were: 0, 50, 200, 8 0 0 and 1 600 krad , re-
spec t ive ly . 
1.3. Experimental conditions 
Of each var ie ty 100 kg of frui t a t t h e same s t a g e o f ripeness were p icked 
and sent immedia te ly t o t h e irradiation plant. 20 kg of grapes were irradiated 
at each dose level. T h e irradiated samples were t h e n indiv idual ly pressed. 
F i v e - k g lots in three repl icates were pressed at each t r e a t m e n t level a n d of 
t h e untrea ted control sample . 
T h e samples were m a r k e d as fol lows: 
for the place of origin for var i e ty 
M Miklóstelep К Kocsis Irma 
E Eger Kö Kövidinka 
H Hárslevelű 
E Egri csillagok 
О Olasz rizling 
I n d e x numbers 1, 2 and 3 adjoining H (Hárs leve lű) s tand for f irst , 
s econd a n d third harves t of t h e grape var ie ty at a b o u t 2 -week intervals . 
1.4. Methods for testing radiation effect 
1.4.1. Pressing method. F ive -kg lots of grapes w e r e s ta lked a n d pressed 
under s table condit ions at about 3 4 k p c m - 2 pressure for 45 minutes , pul l ing 
t h e screw about every f i v e minutes . 
1.4.2. Testing of the samples. T h e exac t weight of s tems, of t h e berries 
a n d of t h e marc, the v o l u m e of juice, the specif ic w e i g h t of must were es tab-
lished. The weight a n d percentage of juice y ie ld (juice, litre/grapes, g) were 
calculated. The increase in juice y ie ld re lat ive to t h e contro l was establ ished. 
T h e average dev iat ion a m o u n t e d t o about 4.5%. 
1.4.3. Observation of the fermentation process. The must of the 3 parallel 
samples was equal ized a n d fermented. T h e effect of rad ia t ion t r e a t m e n t upon 
t h e c o m m e n c e m e n t of f ermenta t ion a n d the process i t se l f were o b s e r v e d t o 
see whether it was re tarded or inh ib i ted b y irradiation. 
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1.4.4. Chemical and organoleptic investigation of the wines obtained. Every 
e x p e r i m e n t a l s a m p l e w a s e v a l u a t e d b y a p a n e l o f judges a n d t h e fo l l owing 
character i s t i c s w e r e t e s t ed: a l c o h o l ; t o t a l e x t r a c t ; inver t s u g a r ; ex trac t , free 
o f sugar; ash; a l k a l i n i t y of t h e a s h ; t i t ra tab le a c i d c o n t e n t ; p H ; t h e free a n d 
t o t a l SO., c o n t e n t ; colour i n t e n s i t y a n d p o l y p h e n o l content . 
T h e s e t e s t s were carried o u t t o see t h e c h a n g e s r e l a t i v e t o t h e contro l 
in t h e wines o b t a i n e d f r o m r a d i a t i o n t r e a t e d grapes . 
T h e w i n e s a m p l e s were t e s t e d also for f i l t erab i l i ty . 
2 . Resu l t s 
2.1. The condition of grapes after irradiation 
T h e grapes t r e a t e d w i t h 5 0 k r a d did n o t d i f fer f r o m t h e control . S imi lar 
o b s e r v a t i o n s w e r e m a d e w i t h g r a p e s t rea ted a t t h e 200 krad l eve l . H o w e v e r , t w o 
o f t h e s a m p l e s (MH2 a n d MH3) s h o w e d s o m e b r o w n d i s c o l o u r a t i o n a n d t h e 
f r u i t b e c a m e s l i g h t l y fragi le ( T a b l e s 6 and 7). 
Out o f t h e s a m p l e s t r e a t e d w i t h 8 0 0 k r a d three s h o w e d no s igns of 
c h a n g e , in f o u r cases , h o w e v e r , a brownish d i s co loura t ion o f t h e fruit , s o f t e n -
i n g a n d t h i n n i n g o f t h e s t e m s a n d skins w a s o b s e r v e d (MHV MHMH3 a n d 
EO; Tables 2, 5, 6 a n d 7). 
E v e r y g r a p e v a r i e t y s u f f e r e d s ign i f i cant c h a n g e s u p o n t r e a t m e n t w i t h 
1 6 0 0 krad. T h e f r u i t b e c a m e d e f i n i t e l y b r o w n , t h e s t e m s a n d sk ins b e c a m e 
s o f t a n d t h i n a n d fragile. T h e t i s s u e broke d o w n and t h e grapes b e c a m e 
l iqui f ied , v e r y d i f f i c u l t t o s t a l k . I n three case s (МН
Ъ
 MH., a n d MH3) ju ice 
w a s o b s e r v e d a t t h e b o t t o m o f t h e crates ( T a b l e s 5, 6 a n d 7). 
Table 1 
Juice yield of variety "Egri csillagok", Eger (EE) upon irradiation at various dose 
levels (1971) 
Radiation 
dose 
(krad) 
Weight of 
stems (g) 
Weight of 
grapes (g) 
Weight of 
marc 
(g) 
Juice yield (ml) Juice yield % (V/ W)* 
Increase 
of juice 
yield (%) 
0 161 4 838 1 640 2 807 56.1 0 
50 176 4 823 1 470 3 007 60.1 7.1 
200 171 4 828 1 436 3 060 61.2 9.1 
800 163 4 837 1 163 3 270 65.4 16.5 
1 600 153 4 847 1 081 3 396 67.9 20.9 
Experimental batches of 5 000 g were used throughout. Data given in t h e Table are aver-
ages of the 3 parallel samples. 
* litres per 100 kg 
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Table 2 
Juice of grape variety "Olasz rizling", Eger (EO) upon irradiation 
at various dose levels (1971) 
Radiation 
dose 
(krad) 
Weight of 
steins 
(g) 
Weight of 
grapes 
(g) 
Weight of 
marc 
(g) 
Juice 
yield 
(ml) 
Juice yield 
% (v/w)» 
Increase 
of juice 
yield 
(%) 
0 284 4 716 1 235 3 050 61.9 0 
50 301 4 698 1 215 3 156 63.1 2.1 
200 253 4 747 1 172 3 243 64.9 5.0 
800 306 4 693 1 168 3 210 64.2 4.0 
1 600 326 4 683 1 150 3 226 64.3 4.4 
Experimental batches of 5 000 g were used throughout. Data given in the Table are aver-
ages of 3 parallel tests. 
* litres per 100 kg. 
Table 3 
Juice yield of grape variety "Kocsis Irma", Miklóstelep (MK) 
upon irradiation at various dose levels (1971) 
Radiation 
dose 
(krad) 
Weight of 
stems 
(g) 
Weight of 
grapes 
(g) 
Weight of 
marc 
(g) 
Juice 
yield 
(ml) 
Juice yield 
% O/w)« 
Increase 
of juice 
yield (%) 
0 180 4 813 1 860 2 603 52.0 0 
50 168 4 831 1 836 2 706 54.1 4.0 
200 181 4 818 1 673 2 800 56.0 7.6 
800 175 4 825 1 490 2 990 59.8 14.9 
1 600 180 4 820 1 202 3 253 65.1 25.0 
Experimental batches of 5 000 g were used throughout. Data given in the Table are aver-
ages of 3 parallel tests. 
* litres per 100 kg. 
T h u s t h e var ious g r a p e var ie t i e s r e a c t e d d i f f e r e n t l y t o radiat ion t r e a t -
ment. The most resistant varieties were: Kocsis Irma, Kövidinka and Egri 
csillagok. T h e s e were a f f e c t e d o n l y a t t h e h ighes t dose l eve l . S l ight ly less re-
s i s t a n t w a s Olasz rizling. Hárslevelű p r o v e d t o b e t h e m o s t sens i t ive v a r i e t y , 
par t i cu lar ly a t a more a d v a n c e d s t a g e o f r ipeness . T h e la t t er w a s a f f e c t e d 
e v e n b y t r e a t m e n t w i t h 2 0 0 krad. 
T h e co lour c h a n g e s are s h o w n o n co lour-p la tes m a d e f r o m t h e t r e a t e d 
a n d t h e contro l s a m p l e s . 
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Table 4 
Juice yield of grape variety "Kövidinka", Miklóstelep (MKö) upon 
irradiation at various dose levels (1971) 
Radiation 
dose 
(krad) 
Weight of 
stems 
(g) 
Weight of 
grapes 
(g) 
Weight of 
marc 
(g) 
Juice 
yield 
(ml) 
Juice yield 
% (v/w)« 
Increase of 
juice yield 
(%) 
0 2 0 0 4 8 0 0 1 7 8 5 2 7 0 3 5 4 . 1 0 
5 0 2 1 1 4 7 8 8 1 7 4 5 2 7 7 0 5 5 . 4 2 . 3 
2 0 0 2 3 1 4 7 6 8 1 4 3 6 3 0 1 3 6 0 . 3 1 1 . 5 
8 0 0 2 2 8 4 7 7 2 I 2 2 0 3 2 1 3 6 4 . 3 1 8 . 8 
1 6 0 0 1 9 6 4 8 0 3 9 8 8 3 4 7 6 6 9 . 5 2 8 . 6 
Experimental batches of 5 000 g were used throughout. Data given in the Table are aver-
ages of 3 parallel tests. 
* litres per 100 kg. 
Table 5 
Juice yield of grape variety "Hárslevelű", Miklóstelep (MHX), first harvest 
(12. 9. 1971), upon irradiation at various dose levels 
Radiation 
dose 
(krad) 
Weight of 
stems (g) 
Weight of 
grapes 
(g) 
Weight of 
marc 
(g) 
Juice 
yield 
(ml) 
Juice yield 
% (v/w)* 
Increase of 
juice yield 
(%) 
0 2 4 7 4 7 5 3 1 5 9 0 2 8 3 0 5 6 . 6 0 
5 0 2 5 5 4 7 4 5 1 6 7 5 2 7 9 0 5 5 . 8 0 
2 0 0 2 5 3 4 7 4 7 1 5 4 3 2 8 8 3 5 7 . 7 1 . 9 
8 0 0 3 3 5 4 6 6 5 1 1 0 8 3 2 0 7 6 4 . 1 1 3 . 3 
1 6 0 0 3 1 5 4 6 8 5 1 0 0 5 3 3 5 5 6 7 . 1 1 8 . 5 
Experimental batches of 5 000 g were used throughout. Data given in the Table are aver-
ages of 3 parallel tests. 
* litres per 100 kg. 
Figs. 1, 2 a n d 3 s h o w t h e f ru i t of t h e Hárslevelű v a r i e t y f r o m Mik lós te l ep 
f r o m t h e t h i r d harves t . 
On t h e bas i s of t h e a b o v e o b s e r v a t i o n s t h e wines o b t a i n e d f r o m fruit 
t r e a t e d at h i g h d o s e levels w e r e e x p e c t e d t o d i f f er in the ir c o m p o s i t i o n , t rea t -
a b i l i t y a n d o r g a n o l e p t i c q u a l i t i e s f rom t h o s e g a i n e d f r o m u n t r e a t e d fruit . 
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Table 6 
Juice yield of grape variety "Hárslevelű", Miklóstelep (MH.,), second harvest 
(24. 9. 1971), upon treatment at various dose levels 
Radiation 
dose 
(krad) 
Weight of 
stems 
(g) 
Weight of 
grapes 
(g) 
Weight of 
marc 
(g) 
Juice 
yield 
(ml) 
Juice yield 
% (V/W)* 
Increase of 
juice yield 
(%) 
0 210 4 790 1 663 2 763 55.3 0 
50 201 4 799 1 639 2 835 56.7 2.6 
200 220 4 780 1 395 3 046 60.9 10.2 
800 226 4 773 1 262 3 130 62.6 13.3 
I 600 254 4 763 892 3 466 69.3 25.8 
Experimental batches of 5 000 g were used throughout. Data given in the Table are aver-
ages of 3 parallel tests. 
* litres per 100 kg . 
Table 7 
Juice yield of grape variety "Hárslevelű", Miklóstelep (MH3), third harvest 
(6. 10. 1971), upon irradiation at various dose levels 
Radiation 
dose 
(krad) 
Weight of 
stems 
(g) 
Weight of 
grapes 
(g) 
Weight of 
marc 
(g) 
Juice 
yield 
(ml) 
Juice yield 
% (v/w)* 
Increase of 
juice yield 
(%> 
0 215 4 785 1 776 2 610 52.2 0 
50 223 4 777 1 778 2 663 53.3 2.0 
200 215 4 785 1 036 2 763 55.3 5.9 
800 281 4 718 1 198 3 153 63.1 20.8 
1 600 226 4 773 1 066 3 343 66.9 28.1 
Experimental batches of 5 000 g were used throughout. Data given in the Table are aver-
ages of 3 parallel tests. 
* litres per 100 kg. 
2.2. Juice yield 
T h e s e v e n grape var i e t i e s were t r e a t e d a t four dose l e v e l s in three repl i -
cates , each . T h e e x p e r i m e n t a l d a t a re la ted t o t h e controls are g i v e n in T a b l e s 
1 7. 
T h e o r e t i c a l l y t h e w e i g h t o f marc a n d ju ice s h o u l d correspond t o t h e 
or ig inal w e i g h t o f t h e s t a l k e d f ru i t . I n rea l i ty losses aris ing d u r i n g o p e r a t i o n s 
cause in t h e case of a smal l press , a r e l a t i v e l y large d i f f erence in t h e w e i g h t s . 
I n a 5 - k g b a t c h t h e d i f f erence a m o u n t e d t o a b o u t 150 g, o n t h e average . 
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F i g . 1. Hárslevelű g r ape v a r i e t y f r o m Miklós te lep . Th i rd h a r v e s t , t r ea ted( 150 — 1 6 0 0 
k r a d ) and c o n t r o l samples 
Miklóstelepi 
Hárslevelű 3. 
•»и 
Control 50 200 • 800 1600 
k r a d 
Fig. 2. Hárslevelű g r ape v a r i e t y , Miklós te lep. Th i rd h a r v e s t , t r e a t e d a n d u n t r e a t e d 
Miklóstelepi 
Hárslevelű 3 
Г * 
Fig. 3. Hárslevelű g r ape v a r i e t y , Miklós te lep . T h i r d h a r v e s t , t r e a t e d and u n t r e a t e d 
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A s seen f r o m t h e results , t h e j u i c e y ie ld of g r a p e s increased u p o n irradi-
a t i o n a n d t h e increase w a s in d i rec t proport ion t o d o s e level. W h e n t r e a t e d 
w i t h 1 6 0 0 krad, al l t h e samples , e x c e p t EO (Table 2), g a v e a y i e l d increase of 
a b o v e 18%. T r e a t e d w i t h 800 krad, t h e samples , e x c e p t EO, s h o w e d 13% in-
crease in ju ice y ie ld . T h e increase in ju ice y i e ld a n d t h e averages , for all t h e 
s a m p l e s , are g i v e n in T a b l e 8. 
Table 8 
Percentage increase in juice yield of various radiation treated grape varieties, related to 
the untreated sample 
Radiation 
dose 
(krad) 
Egri 
csillagok, 
Eger (ЕЕ) 
Olasz 
rizling, 
Eger (EO) 
Kocsis Irma, 
Miklóstelep 
(UK) 
Kövidinka, 
Miklóstelep 
(MKö) 
Hárslevelű 1, 
Miklóstelep 
(MHO 
Hárslevelű 2, 
Miklóstelep 
(MHO 
Hárslevelű 3, 
Miklóstelep 
(MH.) 
Average of 
the 7 grape 
varieties 
50 7.1 2.1 4.0 2.3 0 2.6 2.5 2.9 
200 9.1 5.0 7.6 11.5 1.9 10.2 5.9 7.3 
800 16.5 4.0 14.9 18.8 13.3 13.3 20.8 14.5 
1 600 20.9 4.4 25.0 28.6 18.5 25.8 28.1 21.6 
Data given in the Table represent average values of 3 parallel tests, of 5 000 g original 
weight each. 
T r e a t m e n t w i t h 50 krad r e s u l t e d in a r e l a t i v e l y smal l i n c r e a s e of ju ice 
y i e ld , a b o u t 3%. U p o n t r e a t m e n t w i t h 200 krad t h e y i e l d i n c r e a s e d b y a b o u t 
7%, w h i l e u p o n t r e a t m e n t w i t h 8 0 0 k r a d b y 1 4 % a n d at 1 600 k r a d b y 21%. 
I t s h o u l d b e n o t e d t h a t t h e a v e r a g e juice y i e l d , due t o t h e m e t h o d o f 
press ing , w a s ra ther l o w in t h e s e e x p e r i m e n t s . H o w e v e r , results are n o t a f f e c t e d 
b y t h i s fac t , b e c a u s e press ing w a s carr ied o u t u n d e r e x a c t l y t h e s a m e condi -
t i o n s e v e r y t i m e . 
T h e corre lat ion b e t w e e n j u i c e y i e l d and t r e a t m e n t , as t h e a v e r a g e for 
e a c h v a r i e t y , is g r a p h i c a l l y i l l u s t r a t e d in Fig . 4. T h e dose l eve l i s s h o w n o n 
t h e a b s c i s s a in krad, a n d t h e p e r c e n t a g e increase in ju ice y ie ld o n t h e ordinate . 
T h e increase in ju ice y i e l d is n o t l inear t o t h e d o s e level . 
F i g . 5 s h o w s t h e square roo t o f t h e rad ia t ion d o s e on t h e a b s c i s s a . 
A s seen in t h e f igure , t h e corre la t ion b e t w e e n ju ice y ie ld a n d t h e square 
roo t o f rad ia t ion d o s e is l inear. T h e e q u a t i o n o f t h e f i rs t order, e x p r e s s i n g t h e 
corre lat ion , is as fo l lows: 
Y = 0.5Vd, 
w h e r e 
Y = increase o f juice y i e l d , %, 
У d = s q u a r e root of t h e d o s e in krad. 
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- 2 0 
12 
50 2 0 0 1 600 
D ( k r a d ) 
Fig. 4. Increase in juice yield as affected by dose level 
_ 20 
/ D ( k r a d ) 
Fig. 5. Correlation between the square root of radia t ion dose and the increase in juice 
yield 
2.3. The fermentation process 
T h e m u s t g a i n e d f r o m each v a r i a n t was e q u a l i z e d and f e r m e n t e d at r o o m 
t e m p e r a t u r e . T h e s a m p l e s rece ived t h e usual a m o u n t of S 0 2 (50 100 m g 1 _ 1 ) 
but w e r e n o t i n o c u l a t e d w i t h a s p e c i f i c yeas t v a r i e t y . T h e process o f f e r m e n t a -
t i on w a s normal in a l m o s t e v e r y case , there w a s n o s u b s t a n t i a l d i f f erence ob-
s e r v a b l e b e t w e e n t h e control a n d t h e s a m p l e s u n d e r g o n e t r e a t m e n t . O n l y 
t h e ju ices of s a m p l e s MK t r ea ted w i t h 1 600 k r a d a n d of MH1 t r e a t e d w i t h 800 
k r a d w e r e n o t c o m p l e t e l y f e r m e n t e d . T h e res idual s u g a r in t h e f o r m e r a m o u n t e d 
t o 41 g l - 1 , in t h e l a t t e r t o 7 g l - 1 . T h e control s a m p l e of MH1 v a r i e t y d id n o t 
u n d e r g o f e r m e n t a t i o n a t all. T h e r e a s o n for th i s p h e n o m e n o n is n o t k n o w n . 
4 Acta Alimentaria 4, 1975 
FERENCZI: INCREASING THE JUICE Y I E L D BY GRAPE I R R A D I A T I O N 1 6 1 
I n all t h e other samples f ermenta t ion s tar ted normal ly and came t o a n 
e n d in 5 to 7 d a y s . N o u n f e r m e n t e d sugar remained. 
The observat ions permi t of the conc lus ion that t h e radiation d o s e s 
appl ied did no t destroy t h e natural y e a s t populat ion of t h e grapes, d i d n o t 
retard or inh ib i t fermentat ion . The res idual yeast popu la t ion was s u f f i c i e n t 
t o s tart and c o m p l e t e f ermenta t ion in t h e major i ty of samples . 
2.4. Chemical composition and, organoleptic quality of the wines obtained from 
the treated and control samples 
The resul ts of the chemica l analysis o f w ines obta ined in the e x p e r i m e n t s 
are s u m m a r i z e d in Table 9. 
T h o u g h substant ia l d i f ference was n o t f o u n d in the compos i t ion of w i n e s 
obta ined f rom treated fruit , a slight increase in the sugar-free extract a n d a s h 
content of t h e s e wines was observed. In genera l the p H v a l u e increased w i t h 
increasing radia t ion dose levels . 
D a t a of t h e po lyphenol - index and co lour intensity were of e x t r e m e in-
terest. The po lyphenol - index was ca lculated f r o m the absorpt ion value (opt ica l 
dens i ty (A 2 8 0 ) ) as measured in a t w e n t y - f o l d dilution at 280 nm. The co lour 
in tens i ty was es tabl i shed direct ly in the w i n e , measured a t 4 2 0 nm w a v e l e n g t h 
in a c u v e t t e of 1 cm w i d t h (A1 2 0) . T h e po lyphenol - index , as well as t h e 
colour in tens i ty increased w i t h increasing radiat ion dose. T h e colour t e n d e d 
t o w a r d an o x i d i z e d character. 
The wines obta ined f rom grapes t r e a t e d at the highest dose level r e m i n d e d 
t o a certain e x t e n t of wines fermented f r o m m u s t of addi t ional pressing. 
All t h e w i n e samples were subjec ted t o organoleptic t e s t b y an e x p e r t 
panel. I t was f i r m l y es tabl i shed that w i n e s gained from grapes treated w i t h 
800 krad or in particular w i t h 1 600 krad w e r e of a foreign character, of o x i d i z e d 
tas te and odour, and of mousiness . W i t h s o m e of the var ie t i e s the c h a n g e be-
c a m e more apparent in the tas te , in others i n t h e odour. T h e wines from grapes 
treated w i t h 200 krad varied. Some of t h e m suffered no unfavourable c h a n g e , 
while others s h o w e d the s a m e characterist ics as those t r e a t e d at higher leve ls , 
on ly to a lesser degree. S a m p l e s given a 50 -krad treatment were not d i f f erent 
f rom t h e control . 
The t a n n i c ac id—gelat ine m e t h o d w a s used to c lar i fy the wines a f t e r 
t h e end of fermentat ion . T h e n they w e r e t e s t ed for f i l terabi l i ty . H o w e v e r , 
these tes t d id no t permit o f drawing conclus ions . Wi th s o m e of the var ie t i e s 
t h e untreated sample was m o s t suitable f o r filtration, w i t h others these w e r e 
t h e least sui table . Thus re la ted data are n o t published. 
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T a b l e 9 
Chemical analysis of wines obtained 
Location and 
grape variety 
Radiation 
dose 
(krad) 
Alcohol 
(% v/v) 
Total 
extract 
( g l - 1 ) 
Invert 
sugar 
(g l " 1 ) 
Extract 
free of 
sugar 
(g I"1) 
Ash 
( g l " 1 ) 
0 11.52 22.18 0 22.18 1.84 
Eger, 50 12.11 21.30 0 21.30 1.80 
Egri csillagok 200 12.32 21.80 0 21.80 1.82 
800 11.76 22.12 0 22.12 1.97 
1 600 12.22 28.21 0 28.21 2.10 
0 10.30 20.19 0 20.19 1.51 
50 10.72 21.33 0 21.33 1.68 
Eger, 200 10.25 21.07 0 21.07 1.61 
Olasz rizling 800 10.71 20.24 0 20.24 1.63 
1 600 9.99 20.67 0 20.67 1.73 
0 12.19 18.89 0 18.89 2.57 
50 11.93 17.06 0 17.06 2.17 
Miklóstelep, 200 11.17 17.96 0 17.96 2.20 
Kocsis Irma 800 10.67 17.50 0 17.50 2.08 
1 600 8.84 77.21 41.04 36.17 3.32 
0 11.31 18.77 0 18.77 1.72 
50 11.44 19.01 0 19.01 1.79 
Miklóstelep, 200 11.79 17.68 0 17.68 1.86 
Kövidinka 800 10.98 19.50 0 19.50 2.27 
1 600 10.78 21.55 0 21.55 3.05 
0 0 190.40 162.00 28.40 3.02 
50 8.38 22.42 0 22.42 3.58 
Miklóstelep, 200 8.46 21.21 0 21.21 2.40 
Hárslevelű 800 7.85 28.85 7.51 21.34 2.53 
1 600 8.02 21.27 0 21.27 2.59 
0 10.12 20.89 0 20.89 1.80 
50 9.70 21.10 0 21.10 2.09 
Miklóstelep, 200 9.15 24.73 0 24.73 1.93 
Hárslevelű 2 800 10.04 20.09 0 20.09 1.80 
1600 9.50 22.43 0 22.43 2.23 
0 11.33 20.63 0 20.63 1.88 
50 10.91 22.76 0 22.76 2.05 
Miklós telep, 200 11.04 21.02 0 21.02 1.89 
Hárslevelű 3 800 10.78 20.96 0 20.96 2.45 
1 600 10.69 22.32 0 22.32 3.15 
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from fruit given radiation treatment 
Alkalinity 
of ash 
(meq 1 - 1 ) 
Titratable acid 
( g l - 1 ) pH 
Free SO, 
(mg l - 1 ) 
Total SO, 
(mg 1 - ' ) 
Polyphenol 
index 
I А,
в(Л 
U n 
Colour 
intensity 
(A.„) 
2 2 . 7 10 .7 2 .92 5 4 3 7 . 6 0 0 . 1 4 0 
2 1 . 9 9 . 2 3 .05 4 3 8 8 . 9 0 0 . 1 5 4 
2 1 . 2 9 .0 3 .04 5 5 6 7 . 5 6 0 . 2 0 3 
2 2 . 0 9 . 5 3 .00 5 3 7 8 . 2 0 0 . 1 7 9 
2 3 . 6 7 .8 3 .16 7 5 7 1 0 . 0 6 0 . 2 8 6 
2 1 . 2 8 . 5 3 .01 2 2 3 8 . 2 0 0 . 1 2 2 
2 2 . 8 8 . 5 3 .09 3 1 8 8 . 4 0 0 . 1 6 8 
2 1 . 4 8 . 6 3 .00 3 2 8 9 . 7 2 0 . 1 6 0 
2 0 . 2 7 . 9 3 . 0 3 4 2 9 8 . 4 2 0 . 1 5 3 
2 1 . 0 7 .4 3 .07 5 2 1 9 . 4 4 0 . 1 8 2 
3 0 . 4 4 . 6 3 .60 5 11 5 . 7 0 0 . 1 8 5 
2 6 . 8 4 .1 3 .64 4 8 5 . 5 8 0 . 1 9 4 
2 6 . 8 4 . 8 3 .56 5 1 3 5 . 5 6 0 . 2 1 9 
2 6 . 0 4 . 5 3 .56 5 16 5 . 9 6 0 . 2 2 3 
3 3 . 2 6 . 4 3 .76 8 3 4 8 . 7 2 0 . 3 8 1 
2 1 . 0 7 .4 3 .16 7 3 8 9 . 0 0 0 . 1 1 5 
2 3 . 0 7 .9 3 .05 5 7 8 9 . 2 4 0 . 1 2 5 
2 2 . 0 6 . 6 3 .19 6 4 4 9 . 0 0 0 . 1 3 6 
2 6 . 4 6 .0 3 .44 5 3 9 1 0 . 4 0 0 . 1 8 5 
3 4 . 6 5 . 9 3 . 6 3 3 19 1 2 . 2 0 0 . 3 9 0 
3 5 . 6 1 3 . 2 3 .03 7 3 8 6 . 5 8 0 . 0 9 7 
3 2 . 8 13 .2 3 . 0 5 3 3 2 6 . 1 8 0 . 1 0 4 
2 P . 5 1 2 . 5 3 . 1 0 5 2 8 6 . 1 8 0 . 0 9 2 
2 7 . 8 10 .8 3 .21 7 6 6 P. " 2 0 . 2 0 6 
З Г . 2 1 0 . 3 3 . 1 9 4 2 7 9 . 4 0 0 . 4 2 6 
2 3 . 8 1 0 . 6 2 .98 6 4 1 7 . 4 0 0 . 0 9 4 
2 8 . 4 1 1 . 6 2 . 9 9 8 3 4 6.10 0 . 0 8 7 
2 4 . 6 1 0 . 8 3 .08 9 2 5 6 . 2 5 0 . 1 1 8 
2 5 . 6 8 .6 3 .12 7 4 2 8 . 0 4 0 . 1 5 0 
2 7 . 6 8 . 8 3 .27 10 3 9 8 . 8 2 0 . 2 8 0 
2 4 . 6 9 . 7 3 .09 10 4 2 6 . 5 8 0 . 1 3 5 
2 6 . 4 9 . 6 ЗЛО 10 5 8 6 . 8 0 0 . 1 0 4 
2 4 . 4 9 .0 3 .20 13 4 8 7 . 3 6 0 . 0 9 8 
2 8 . 4 7 . 7 3 .38 11 4 1 9 . 1 0 0 . 1 8 5 
3 5 . 2 7 .4 3 .56 8 3 7 1 0 . 0 0 0 . 3 6 4 
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3. C o n c l u s i o n s 
G r a p e s t r e a t e d w i t h 800 a n d 1 6 0 0 su f f ered a d e f i n i t e change . A b r o w n i s h 
d i s co loura t ion , t h e s t e m s a n d sk in b e c o m i n g t h i n n e r a n d sof ter , i n s o m e cases 
g e l a t i n i z a t i o n or e v e n l iquefac t ion w e r e observed . T h e s e p h e n o m e n a w e r e n o t 
n o t i c e d in grapes t r e a t e d w i t h 50 k r a d . I n one or t w o of t h e v a r i e t i e s s imilar 
p h e n o m e n a were o b s e r v e d a f t er t r e a t m e n t w i t h 2 0 0 krad. T h u s t h e t e x t u r e of 
grapes w a s h i g h l y a f f e c t e d b y h igher doses . 
T h e juice y i e l d o f grapes r a d i a t i o n t r e a t e d increased re la t ive t o t h a t of 
t h e c o n t r o l sample . I n t h e m a j o r i t y o f t h e e x p e r i m e n t s , there w a s a l inear 
corre la t ion b e t w e e n t h e y i e l d a n d t h e s q u a r e root o f t h e rad ia t ion d o s e . A t the 
h i g h e s t d o s e leve l t h e y i e l d increase w a s s u b s t a n t i a l a n d a m o u n t e d t o 25 28%. 
T h e process o f f e r m e n t a t i o n a p p e a r e d u n a f f e c t e d b y rad ia t ion t r e a t m e n t . 
E v e n a t h igher d o s e l e v e l s t h e y e a s t s w e r e not d e s t r o y e d t o s u c h a n e x t e n t as 
t o i n h i b i t f e r m e n t a t i o n . 
T h e c o m p o s i t i o n o f w i n e o b t a i n e d f r o m grapes t r e a t e d at h i g h d o s e levels 
d i f f e r e d f r o m t h a t o f t h e control . T h e i r e x t r a c t a n d a s h content w a s genera l ly , 
the ir p H a l w a y s , h igher t h a n t h a t o f t h e control . T h e p o l y p h e n o l i n d e x a n d 
co lour i n t e n s i t y i n c r e a s e d w i t h i n c r e a s i n g rad ia t ion dose . 
T h e organo lep t i c q u a l i t y of w i n e s or ig inat ing f r o m grapes t r e a t e d w i t h 
8 0 0 k r a d a n d par t i cu lar ly those t r e a t e d w i t h 1 6 0 0 k r a d s h o w e d a s i g n i f i c a n t 
a n d u n f a v o u r a b l e c h a n g e . Their t a s t e a n d odour w a s bad, u n p l e a s a n t , of 
o x i d i z e d character . 
F r o m t h e a b o v e t h e c o n c l u s i o n m a y be d r a w n , t h a t t h o u g h t r e a t m e n t 
w i t h 8 0 0 a n d 1 6 0 0 k r a d resu l ted in s i g n i f i c a n t l y h ig her juice y ie ld , t h e i r appli-
c a t i o n is n o t adv i sab le . T h e c o m p o s i t i o n a n d o r g a n o l e p t i c qua l i ty o f t h e wines 
t h u s o b t a i n e d is of v e r y low qua l i ty . U p o n t r e a t m e n t w i t h 200 k r a d t h e juice 
y i e l d increase is st i l l s u b s t a n t i a l ( 7 % ) , w h i l e t h e u n f a v o u r a b l e c h a n g e s are on ly 
s l i gh t or d o n o t a p p e a r a t all. 
O n t h e basis o f t h e s e e x p e r i e n c e s it w o u l d s e e m of interest t o r e p e a t t h e 
e x p e r i m e n t s in t h e r a n g e b e t w e e n 2 0 0 a n d 500 krad. H e r e an increase in y i e ld 
of i m p o r t a n c e cou ld b e r e c k o n n e d w i t h a n d t h e e v e n t u a l b y - e f f e c t s c o u l d be 
e l i m i n a t e d b y proper t r e a t m e n t of t h e wines . 
I t s e e m s e s sent ia l t o carry o u t i n d u s t r i a l e x p e r i m e n t s , s ince o n industr ia l 
presses t h e ju ice y i e l d is or ig inal ly h i g h e r t h a n o n s m a l l l a b o r a t o r y presses. 
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FACTORS AFFECTING POLYGALACTURONASE YIELD 
AND KINETIC TYPES OF ENZYME PRODUCTION 
BY ASPERGILLUS AWAMORI 
K . ZETELAKI-HORVÁTH and E . BÉKÁSSY-MOLNÁR 
(Received F e b r u a r y 15, 1974) 
Polygalacturonase (PG) fo rmat ion of Aspergillus awamori was studied 
when grown in 100-litre fermentors . The effect of agitation speed on enzyme 
synthesis by Aspergillus awamori cult ivated in sucrose- and pect in-containing 
media , resp., was investigated. 
The increase in the agitat ion speed f rom 200 to 300 rpm (with О ..-solution rates 
of 27 and 85 mmole l - 1 h - 1 ) resul ted in a very significant (3 — 4.5-fold) increase 
in the yields of consti tutive endo-PG and apple-juice-clarifying P G , resp., while 
the yield of the inductive endo-PG increased slightly. 
Scaling-up (from 10 to 100 litres) influenced the apple-juice-clarifying P G 
product ion of the above strain posi t ively (SPA^ = 230 and 500 1 h _ 1 1 _ 1 , resp.), 
while the format ion of consti tut ive and inductive endo-PG decreased significantly 
in the higher scale. 
The growth of the cultures was diauxic when cultivated on bo th carbon 
sources. Though the mycelial yield increased wi th increasing speed of agitation, 
t he ra tes of growth changed t o t h e contrary as a result of the shor t exponential 
phases of cultures agitated a t lower speed. The growth in these phases was very 
intensive and the growth rate cons tan t was significantly higher in the second 
exponent ial phases a t lower speeds. 
The increase in agitation speed had a positive effect on the growth-related 
product ion ra te constant (fcpl) only in the case of consti tutive e n d o - P G formation, 
while i t had a negative effect on kpl of inductive endo-PG and apple-juice-clari-
fy ing PG. The production ra te cons tan t s related to non-growing cells (к
рг
) were 
found to have measurable values only in cultures agi ta ted a t higher speed in the 
case of consti tut ive and inductive endo-PG format ion, while in the case of apple-
juice-clarifying P G it increased f r o m 2.75 to 16.30 h _ 1 with increasing agitation 
speed. 
According to this work the kinet ic type of enzyme formation was influenced 
by the kind of polygalacturonase enzyme component , the speed of agi ta t ion and 
by scaling-up. 
K i n e t i c a n a l y s i s is an i m p o r t a n t m e t h o d n o t o n l y for t h e pred ic t ion o f 
p a r a m e t e r s of c o n t i n u o u s f e r m e n t a t i o n , b u t a lso for t h e e v a l u a t i o n o f var ious 
p a r a m e t e r s of b a t c h f e r m e n t a t i o n a n d sca l ing-up. 
K i n e t i c a n a l y s i s o f the c o n s t i t u t i v e a n d induc ib le p o l y g a l a c t u r o n a s e 
formation of Aspergillus foetidus and Aspergillus awamori cultivated in 10-litre 
f e r m e n t o r s w a s g i v e n in a p r e v i o u s p a p e r (ZETELAKI-HORVÁTH 8C BÉKÁSSY-
MOLNÁR, 1973). 
T h e present w o r k conta ins t h e k i n e t i c a n a l y s i s of t h e p o l y g a l a c t u r o n a s e 
f o r m a t i o n o f Aspergillus awamori in 100-litre f ermentors . T h e e f f e c t of t h e 
s c a l i n g - u p process as wel l as t h e i n f l u e n c e of o x y g e n s u p p l y o n s y n t h e s i s o f 
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c o n s t i t u t i v e a n d i n d u c t i v e e n d o - P G , apple - ju ice -c lar i fy ing P G a n d on t h e 
k ine t i c t y p e s of e n z y m e format ion , h a v e been s t u d i e d in t h e course of cult i -
v a t i o n . 
1. Materia ls and m e t h o d s 
A n Aspergillus awamori s t ra in w a s g r o w n in 100-litre s ta in less s t e e l 
f ermentors . 
Compos i t i on o f t h e media: 
I. for constitutive e n z y m e f o r m a t i o n : s u c r o s e 70 g, ( N H 4 ) 2 S 0 4 20 g , 
K H 2 P 0 4 2 g, corn-s teep- l iquor 10 g/ 1 000 ml, p H 3 .5; 
I I . for inductive ( inducible) e n z y m e f o r m a t i o n : pect in 30 g, ( N H 4 ) 2 S 0 4  
7 g, K H 2 P 0 4 2 g, c o r n - s t e e p l iquor 10 g / 1 000 ml , p H 4.5. T h e v o l u m e of t h e 
m e d i a w a s 80 litres. 8 1 of a 24-hour v e g e t a t i v e cu l ture was u s e d as the in-
o c u l u m . Cultures w e r e aerated a t a rate of 1 v o l / v o l m i n - 1 w i t h ag i ta t ion 
s p e e d s of 200 a n d 3 0 0 rpm, resp. O x y g e n s o l u t i o n rates were 27 a n d 85 m m o l e 
l - 1 h _ 1 d e t e r m i n e d b y t h e su lph i t e ox ida t ion m e t h o d (COOPER et at., 1944). 
T h e t e m p e r a t u r e w a s 28 °C a n d t h e period of i n c u b a t i o n 72 hours . 
T h e myce l ia l w e i g h t of the c u l t u r e was d e t e r m i n e d af ter d r y i n g at 105 °C 
t o c o n s t a n t we ight . 
Determination of activities of enzymes. Endo-polygalacturonase (endo-PG) 
a n d apple - ju ice -c lar i fy ing ac t iv i t i e s o f the cu l ture f i l t rate were measured b y 
a v i s c o m e t r i c m e t h o d (ZETELAKI & VAS, 1972). 
Substrates u s e d for t h e de terminat ions : for e n d o - P G : N a - p o l v p e c t a t e 
( N a - P : SERVA, ENTWICKLUNGSLABOR, He ide lberg) ; a n d freshly prepared apple -
juice (var ie ty J o n a t h a n ) w i t h spec i f i c v i scos i ty a d j u s t e d to 1.0 a n d p H to 3.8. 
K i n e t i c a n a l y s i s w a s carried o u t wi th an e lectronic d ig i ta l c o m p u t e r 
us ing t h e e q u a t i o n s (KONO, 1968; KONO & ASAI, 1969) for four -phase g r o w t h 
appl ied t o d iaux ic g r o w t h . 
2. Resul ts 
Mycel ia l y i e l d a n d c o n s t i t u t i v e e n d o - P G p r o d u c t i o n of an Aspergillus 
awamori s train as a f u n c t i o n of t h e cu l t i va t ion t i m e , a n d the rates of g r o w t h 
a n d e n z y m e f o r m a t i o n as a func t ion of the m y c e l i a l concentrat ion a t an agi-
t a t i o n s p e e d of 300 r p m , are g iven in Eig. 1. D a t a o f growth rate , produc t ion 
rates a n d t h e k ine t i c c o n s t a n t s are s u m m a r i z e d in T a b l e 1. 
T h e g r o w t h c u r v e of the c u l t u r e clearly s h o w s d iauxic g r o w t h wi th t w o 
trans ient , e x p o n e n t i a l a n d dec l in ing phases . T h e g r o w t h rates a n d t h e e n z y m e 
p r o d u c t i o n rate of t h e cul ture at v a r i o u s periods o f cu l t iva t ion p l o t t e d aga ins t 
m y c e l i a l c o n c e n t r a t i o n also p r o v e d t h e e x i s t e n c e o f t h e d iaux ic cycle . T h e 
m a x i m u m m y c e l i u m y i e l d s (2.40 g d l _ 1 ) a n d e n d o - P G p r o d u c t i o n (SPAS1"1' 
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Fig . 1. F o r m a t i o n of m y c e l i u m and of c o n s t i t u t i v e e n d o - p o l y g a l a c t u r o n a s e b y Asper-
gillus awamori w h e n g rown a t a n ag i t a t i on speed of 300 r p m . (Cul t iva t ion cond i t i ons as 
in C h a p t e r 1. u n d e r I : c a r b o n source : sucrose) 
12 24 36 48 60 
Time of cultivation (h) 
0 1.0 
Mycelial concentration (3 di"1) 
Fig . 2. F o r m a t i o n of m y c e l i u m a n d of c o n s t i t u t i v e e n d o - p o l y g a l a c t u r o n a s e b y Asper-
gillus awamori w h e n g r o w n a t a n a g i t a t i o n speed of 200 r p m . (Cul t iva t ion cond i t ions as 
in C h a p t e r 1. u n d e r I : c a r b o n source : sucrose) 
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Table 1 
Characteristic values of constitutive endo-polygalacturonase (endo-PG) formation 
of Aspergillus awamori culture grown in 100 litre fermentors at different speeds 
of agitation with no pH control 
(Carbon source: sucrose.) 
Agitation 
(rpm) 
Diauxic 
cycle t o tL t c 'М(х) I O XL xc к 
3 0 0 1 3 . 0 12 .0 1 8 . 0 3 1 . 5 0 . 0 3 0 . 2 0 0 . 7 0 1 . 1 4 0 . 1 7 2 
2 3 0 . 0 3 4 . 5 4 7 . 5 7 2 . 0 1 . 1 2 1 . 2 5 1 . 8 0 2 . 4 0 0 . 0 3 3 
2 0 0 1 6 . 0 1 2 . 0 1 6 . 5 2 5 . 5 0 . 0 3 0 . 1 0 0 . 4 0 0 . 6 5 0 . 1 9 5 
2 2 4 . 0 2 8 . 0 4 1 . 0 7 2 . 0 0 . 6 0 0 . 7 0 1 . 1 0 1 . 4 7 0 . 0 4 3 
Agitation 
(rpm) 
Diauxic 
cycle k n k P i k p . PC Pc' PM 
3 0 0 1 4 6 . 1 0 0.00 0.000 1 6 5 0 0 
2 1 4 . 5 5 7 . 5 0 0 . 1 2 7 6 1 0 7 2 5 9 3 5 
2 0 0 1 3 0 . 0 0 0.00 0.000 120 0 0 
2 8 . 2 5 0.00 0.000 2 6 0 0 3 3 5 
Nomenclature 
к = growth rate constant, h _ 1 
к 1 
, P1 [• = production rate constants 
P2 J 
kp, = production rate constant in the final phase of product formation 
t = time, h 
x = cell concentration, g d l - 1 
p = product concentration, SPA731 h - 1 l - 1 
pc = product concentration belonging to xc 
pc, = product concentration belonging to the beginning of the final phase of product 
formation 
О = refers to the boundary of an induction phase and a transient phase 
L = refers to boundary of a transient phase and an exponential growth phase 
С = refers to the critical point, tha t is the boundary of an exponential growth phase 
and a declining growth phase 
M = refers to theoretical maximum value of cell and product concentration, resp. 
935 1 h ~ 1 1—*) were m e a s u r e d in a 72 -hour cul ture . T h e rate c o n s t a n t s of g r o w t h 
in t h e e x p o n e n t i a l p h a s e of t h e f i r s t a n d s e c o n d d iaux ic c y c l e were 0 . 1 7 2 
a n d 0 . 0 3 3 h _ 1 , r e s p e c t i v e l y . T h e p r o d u c t i o n r a t e o f t h e e n d o - P G f o r m a t i o n 
w a s g r o w t h - r e l a t e d i n t h e f irst c y c l e (kpl = p o s i t i v e , &p2 = 0), wh i l e in t h e 
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second cyc le t h e product ion of endo-polygalacturonase w a s the result o f t h e 
e n z y m e synthes i s of b o t h the growing a n d non-growing cells. 
T h e va lue of t h e product ion rate c o n s t a n t of the growing cells (kpl) in 
t h e f irst a n d the s econd part of the d i a u x i e were 46.10 a n d 14.55 h - 1 , resp. 
while t h e va lue of t h e product ion rate c o n s t a n t of t h e resting cells w a s 
7.5 h - 1 . 
T h e growth a n d cons t i tu t ive e n d o - P G format ion as we l l as the g r o w t h 
and product ion rates of Aspergillus awamori w h e n ag i ta ted at 200 rpm were 
p lo t t ed in Fig. 2. D a t a on growth rate, product ion rates a n d the kinet ic con-
s tants are g iven also in Table 1. 
A s seen from t h e growth curve a n d f r o m the Unes determined b y d a t a 
of rates of growth p l o t t e d against myce l ia l concentrat ion, t h e growth o f t h e 
culture was d iauxie again. T h e product ion ra te of e n d o - P G formation u n d e r 
these less favourable condit ions of aerat ion proved to b e growth-re lated in 
both parts of the diauxie . 
T h e highest mycel ia l (1.47 g d l - 1 ) a n d endo-PG y ie lds (SPAf5a-p 335 
1 h - 1 l - 1 ) were f o u n d to be in the 72-hour culture. In t h e first and s e c o n d 
exponent ia l phase of t h e d iauxie the va lues of the growth ra te constants were 
0.195 a n d 0 .040 h _ 1 , whi le t h e values of t h e product ion ra te constants were 
30 and 8.25 h" 1 , resp. 
T h e mycel ia l a n d induct ive endo-PG y ie lds as well as t h e rate of g r o w t h 
and t h e e n z y m e format ion of Aspergillus awamori cu l ture when a g i t a t e d at 
300 rpm are shown in Fig. 3. D a t a of t h e g r o w t h rate, product ion rates a n d t h e 
kinetic cons tants can be seen in Table 2. 
According to t h e f igure, the growth of t h e strain w a s also diauxie w h e n 
c u l t i v a t e d in media conta ining pectin. T h e growth a n d endo-PG f o r m a t i o n 
of the culture was more in tens ive in t h e f i r s t part of t h e diauxie t h a n in t h e 
second. In the f irst d iauxie cycle the e n d o - P G synthes i s w a s growth-re lated, 
while in the second cycle b o t h the growing and resting cells contr ibuted to 
the e n z y m e synthes is . T h e va lues of t h e growth-re lated product ion ra te con-
s tant s (&pl) in the f irst and second e x p o n e n t i a l phases were 15.38 a n d 2.86 
h - 1 , resp., whi le t h e product ion-rate c o n s t a n t s (kp2) of t h e resting cells in the 
first a n d second decl ining phases were zero a n d 1.29 h - 1 , resp. The v a l u e s of 
t h e g r o w t h rate cons tants in the f irst a n d second e x p o n e n t i a l phases o f t h e 
d iauxie were 0 .125 a n d 0.023 h - 1 , resp. 
T h e highest mycel ia l (1.62 g d l" 1 ) a n d endo-PG y ie lds (SPA?5a p 175 
1 h _ 1 1 _ 1 ) were obta ined in t h e 60- a n d 72-hour cultures, resp. 
T h e growth a n d induct ive endo-PG format ion of t h e above culture w h e n 
ag i ta ted at a speed of 200 rpm can be seen in Fig. 4. D a t a of the g r o w t h rate 
and product ion rate w i th t h e kinetic c o n s t a n t s are g iven also in Table 2. 
T h e culture of the Aspergillus awamori strain a l so showed a d i a u x i e 
growth w h e n ag i ta ted at a lower speed. T h e m a x i m a of t h e mycelial a n d endo-
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P G y ie lds o f t h e 66-hour c u l t u r e were l o w e r (1.48 g d l - 1 a n d 126 1 h _ 1 1 _ 1 ) 
t h a n t h o s e o f t h e cultures a g i t a t e d at a h i g h e r speed. 
T h e g r o w t h rate c o n s t a n t s of t h e f i r s t and s e c o n d e x p o n e n t i a l p h a s e s 
were 0 .133 a n d 0 .061 h - 1 , r e sp . The f o r m a t i o n of e n d o - p o l v g a l a c t u r o n a s e w a s 
g r o w t h - r e l a t e d in both t h e f i r s t and in t h e s e c o n d part o f t h e d i a u x i e w h e n 
t h e va lues o f t h e p r o d u c t i o n ra te c o n s t a n t s (kp l ) were 2 0 a n d 1.38 h _ 1 , resp. 
Time of cultivation (h) Mycelial concentration (g df1) 
Fig. 3. F o r m a t i o n of mycelium a n d of induct ive endo-polygalacturonase by Aspergillus 
awamori when grown a t an ag i t a t ion speed of 300 rpm. (Cultivation conditions as in 
Chapter 1. under II: c a r b o n source: pectin) 
T h e a p p l e - j u i c e - c l a r i f y i n g c o m p o n e n t o f the p o l y g a l a c t u r o n a s e e n z y m e 
c o m p l e x p r o d u c e d b y the Aspergillus awamori strain p r o v e d t o he i n d u c t i v e ; 
it w a s s y n t h e t i z e d on ly w h e n t h e culture w a s c u l t i v a t e d in a m e d i u m c o n t a i n i n g 
pect in . 
The g r o w t h and p r o d u c t i o n of t h e a p p l e - j u i c e - c l a r i f y i n g p o l y g a l a c t u r o -
n a s e of t h e a b o v e strain w h e n a g i t a t e d at a s p e e d of 300 r p m are shown i n F i g . 
5. D a t a of g r o w t h rate, p r o d u c t i o n rates a n d t h e kinet ic c o n s t a n t s are s u m m a r i z -
e d in Table 3. 
T h e m y c e l i a l y ie ld a n d t h e rate of g r o w t h are t h e s a m e as g i v e n i n F i g . 
3. T h e s y n t h e s i s of the a p p l e - j u i c e - c l a r i f y i n g e n z y m e c o m p o n e n t w a s l o w 
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and growth-related in the first part of the diauxic cycle. The synthesis of the 
above component was rather intensive in the second phase with a high value 
(16.3 h _ 1 ) of the production rate constant of the resting cells (I*p2) and a much 
lower value (4.86 h _ 1 ) of the growth-related production rate constant. 
The yields of mycelium and apple-juice-clarifying PG of the Aspergillus 
awamori strain cultivated in pectin-containing medium at a speed of agitation 
Time of cult ivation (h) Mycelial concentration (g dt-1) 
F i g . 4. F o r m a t i o n of m y c e l i u m a n d o f i n d u c t i v e e n d o - p o l y g a l a c t u r o n a s e b y Aspergillus 
awamori w h e n g r o w n a t a n a g i t a t i o n s p e e d o f 2 0 0 r p m . ( C u l t i v a t i o n c o n d i t i o n s a s in 
C h a p t e r 1. u n d e r I I : c a r b o n s o u r c e : p e c t i n ) 
of 200 rpm can be seen in Fig. 6. Data of the growth rate, production rates and 
the kinetic constants are also given in Table 3. 
The growth curve and the growth rates are the same as those in Fig. 
4. The formation of the apple-juice-clarifying PG component was very low in 
the first part of the diauxic cycle and much higher in the second with a maxi-
mum yield (SPA^-) of 112 1 h - 1 l - 1 , measured in the 72-hour culture. 
The formation of apple-juice-clarifying PG proved to be growth-related 
in the first part of the diauxie ( (&pl = 5.0 h - 1 ; kp2 = 0) while in the second 
part both growing and non-growing cells contributed to the enzyme formation. 
The values of the production rate constants of and kp2 were 4.66 and 2.70 
h - 1 , resp. 
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T a b l e 2 
Characteristic values of inductive endo-polygalacturonase (endo-PO) formation 
of Aspergillus awamori culture grown in 100-litre fermentors at different speeds 
of agitation with no pH control ( C a r b o n s o u r c e : p e c t i n ) 
Agitation 
(rpm) 
Diauxic 
cycle to tL to 'mi I) xo XL *c XM к 
300 1 6.0 9 . 0 18.0 3 6 . 0 0 .03 0 . 1 5 0 .78 1 .20 0 . 1 2 8 
2 33.0 4 1 . 0 49.0 6 6 . 0 1.18 1 .26 1.44 1 .62 0 . 0 2 1 
200 1 6.0 1 3 . 5 21 .0 4 5 . 0 0 .03 0 . 1 5 0 . 6 0 0 . 8 3 0 . 1 3 3 
2 42.0 4 8 . 0 57.0 6 6 . 0 0 .82 0 . 9 0 1.30 1 .48 0 . 0 6 1 
Agitation 
(rpm) 
Diauxic 
cycle k p i kp2 kc. PC Pc PM 
300 1 15 .38 0 . 0 0 0 .000 65 0 0 
2 2 .86 1 .29 0 .130 1 4 5 159 1 7 5 
200 1 2 0 . 0 0 0 . 0 0 0 .000 8 0 0 0 
2 1 .38 0 . 0 0 0 .000 127 0 130 
T a b l e 3 
Characteristic values of the apple-juice-clarifying PG formation 
of Aspergillus awamori culture, grown in 100-litre fermentors at different speeds 
of agitation with no pH control ( C a r b o n s o u r c e : p e c t i n ) 
Agitation 
(rpm) 
Diauxic 
cycle to tL tc tM(x) xo XL xc XM к 
300 1 6.0 9 . 0 18.0 3 6 . 0 0 . 0 3 0 . 1 5 0 .78 1.20 0 . 1 2 8 
2 33.0 4 1 . 0 49.0 6 6 . 0 1.18 1.26 1.44 1 .62 0 . 0 2 1 
200 1 6.0 1 3 . 5 21.0 4 5 . 0 0 .03 0 . 1 5 0 . 6 0 0 . 8 3 0 . 1 3 3 
2 42.0 4 8 . 5 57.0 6 6 . 0 0 .82 0 .90 1.30 1 .48 0 . 0 6 1 
Agitation Diauxic 
Pc' (rpm) cycle k p i kp2 k„. PC PM 
300 1 2 .81 0 .00 0 .000 2 0 0 0 
2 4 . 8 6 16.30 0 .129 150 350 5 0 0 
200 1 5 . 0 0 0 . 0 0 0 .000 17 0 0 
2 4 . 6 6 2 7 . 5 0 .209 72 89 112 
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0 12 24 36 48 GO 72 0 1.0 
Time of cultivation (h) Mycelial concer.'.ration (g til'1) 
F i g . C. F o r m a t i o n of m y c e l i u m a n d of a p p l e - j u i c e - c l a r i f y i n g P G b y Aspergillus awamori 
w h e n g r o w n a t a n a g i t a t i o n s p e e d of 200 r p m . ( C u l t i v a t i o n c o n d i t i o n s a s in 
C h a p t e r 1. u n d e r I I : c a r b o n s o u r c e : p e c t i n ) 
Time of cultivation (h) Mycelial concentration (g dl 1) 
F i g . 5. F o r m a t i o n of m y c e l i u m a n d of a p p l e - j u i c e - c l a r i f y i n g P G b y Aspergillus awamor 
w h e n g r o w n a t a n a g i t a t i o n s p e e d of 300 r p m . ( C u l t i v a t i o n c o n d i t i o n s a s i n C h a p t e r 1 
u n d e r I I : c a r b o n sou rce : p e c t i n ) 
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3. Conclusions 
Data of the present paper and those obtained when the Aspergillus 
awamori strain was cultivated in 10-litre fermentors ( Z E T E L A K I - H O R V Á T H & 
B É K Á S S Y - M O L N Á R , 1973) are summarized in Table 4. 
T a b l e 4 
The effect of various conditions of cultivation on polygalacturonase yields f p M ) , 
the production rate constants ( k p l крг) and on the kinetic production type of 
components of polygalacturonase enzyme complex of Aspergillus awamori 
Volume Dissolved Type 
Enzyme component Carbon of o 2 Agitation Diauxic of source fermentors (mmole (rpm) cycle kpi kp! PM produc-
(1) l - 1 h"1) tion 
Constitutive 100 85 300 1. 46.10 0.00 
2. 14.55 7.50 935 I. 
e n d o - P G suc rose 100 27 200 1. 30.00 0.00 — 
2. 8.25 0.00 335 II . 
10 51 460 1. 47.10 0.00 — 
2# 18.20 16.65 1 500 I . 
Inductive 100 8 5 300 1. 15.38 0.00 
2. 2.86 1.29 175 I. 
e n d o - P G p e c t i n 100 27 200 1. 20.00 0 .00 — 
2. 1.38 0 .00 130 II . 
10 51 460 1. 107.50 0 .00 — 
2. 98.50 37.50 2 520 I. 
Apple-juice- 100 85 300 1. 2.81 0.00 
clarifying 2. 4.86 16.30 500 I. 
P G p e c t i n 100 27 200 1. 5.00 0 .00 — 
2 4.66 2.75 112 I. 
10 51 460 I. 23.00 0.00 — 
2. 0.00 12.30 230 III . 
From a practical point of view it can be established from the results 
of this experiment that the use of a higher agitation speed (300 rpm with an 
02-dissolution rate of 85 mmole 1 h - 1 ) resulted in higher mycelial and enzyme 
yields in the 100-1 fermentor (pM in: Table 4). This is in accordance with 
the results of our previous experiment concerning the effect of agitation on 
glucose oxidase synthesis ( Z E T E L A K I , 1 9 7 0 ) . At the above agitation speed 
(300 rpm) the constitutive endo-PG and the inductive apple-juice-clarifying PG 
have given about three- and four-fold yields in comparison with the yield of the 
culture agitated at only 200 rpm (02-solution rate: 27 mmole 1 _ 1 h - 1 ) . It 
had been established previously ( Z E T E L A K I & V A S , 1 9 7 1 ) that 0 2 dissolution 
rates higher than 100 and lower t han 40 mmole h ~~1 had a negative effect 
on the formation of polygalacturonases. 
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Scaling-up, at a higher oxygen supply rate, appeared to have a positive 
effect on the formation of the apple-juice-clarifving PG of the Aspergillus 
awamori strain, the yield of this component was more than twice that of the 
product in 10-litre fermentors. A negative effect of scaling-up was found in the 
production of constitutive and inductive endo-PG. The yields of constitutive 
and inductive endo-PG synthesized in 10-litre fermentors were 1.5- and 14-times 
higher than those produced in the 100-litre fermentor at a higher oxygen 
supply rate (Table 4). 
Mycelial concentration (g df1) 
F i g . 7. T h e r a t e s of g r o w t h o f Aspergillus awamori c u l t u r e a s a f u n c t i o n o f m y c e l i a l 
c o n c e n t r a t i o n in p e c t i n - a n d s u c r o s e - c o n t a i n i n g m e d i a w h e n a g i t a t e d a t 3 0 0 a n d "200 
r p m , r e s p . 
The mycelial yield was not influenced significantly by scaling-up. In 
pectin-containing media the mycelial yields were about the same at both 
scales (10- and 100-litre) but in sucrose media the mycelial yield decreased 
by 21 per cent when cultivated in a larger fermentor. 
The kinetic constants were influenced by the above parameters, too. In 
accordance with our previous paper ( Z E T E L A K I et al., 1 9 7 3 ) the growth of the 
culture was diauxic in both of the media used. The growth rate constants of 
the Aspergillus awamori strain were higher in sucrose media at an agitation 
speed of 300 rpm, while at 200 rpm the growth rate constants of the culture 
grown in pectin media were higher (Pig. 7). 
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The values of the growth-rate constants (k) were higher in cultures agi-
ta ted at lower (200 rpm) speeds (Table 2). This can be explained by the char-
acteristics of the growth curves of the cultures at different speeds of agita-
tion. The cultures agitated at a lower speed have very short exponential phases 
with intensive growth even in the second part of the diauxie. The cultures 
agitated at higher speeds have produced about 50 and 70 per cent of their 
mycelial yield in the first part of diauxie when incubated in sucrose and in 
pectin media, resp. 
The values of the growth-related production rate constants (&pl) did 
not change uniformly under various agitation conditions. Increase of the 
agitation speed from 200 to 300 rpm. resulted in an increase of the kp l only 
in the case of the constitutive endo-PG. The production rate constants of the 
non-growing cells (kp2) were zero when cultures were agitated at a lower speed, 
and had a rather significant value at a higher speed of agitation in the case 
of constitutive and inductive endo-PG. 
In the case of apple-juice-clarifying PG the value of kp2 of the culture 
agitated at 300 rpm was about six-fold that of the culture agitated at the 
lower speed (Table 4). 
According to the present work, the kinetic type of enzyme formation 
was influenced by the following: 1. kind of the polygalacturonase enzyme com-
ponent, 2. agitation speed and 3. scaling-up (Table 1.). 
K O N O and A S A I ( 1 9 6 9 ) determined the types of product formation of the 
microorganism in the case of the simple four-phase growth. I t was established 
in a previous work ( Z E T E L A K I , 1 9 7 2 ) that in the case of diauxie growth the 
types of product formation are determined by the values of the production 
rate constants of the second part of diauxie growth. 
1. The production types of components of the polygalacturonase enzyme 
were not the same under identical conditions of cultivation. In cultures agitated 
at the lower speed of 200 rpm, the formation of constitutive and inductive 
polygalacturonase was growth-related (type I I : = + a n <I = 0) while 
the formation of apple-juice-clarifying PG was the result of the enzyme syn-
thesis of both the growing and non-growing cells as well (type I : &pl = and 
= + ) • 
2. In the case of enzyme synthesis of constitutive endo-PG the increase 
of the agitation speed altered the type of product formation. Under a condi-
tion of higher oxygen supply not only the growing (type II) but the non-
growing cells took par t in the enzyme synthesis (type I of product formation). 
3. Scaling-up also had an influence on the production types of the en-
zyme. The apple-juice-clarifying PG was synthesized by non-growing cells 
(type I I I : kpl = 0 and kp2 = + ) when cultures were incubated in 10-litre 
fermentors, while in 100-litre fermentors the above component was produced 
by both the growing and non-growing cells (type I : kpl = -f and &p2 = + ) . 
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KINETIC ANALYSIS OF PROTEIN SYNTHESIS IN FUNGI 
P A R T I . — T H E E F F E C T O F C O M P O S I T I O N O F M E D I A O N T H E G R O W T H 
A N D P R O T E I N F O R M A T I O N O F ACTINOMUCOR REPENS 
К . Z E T E L A K I - H O R V Á T H , К . V A S a n d A . A B D E L - B A K E Y M A H M O U D 
( R e c e i v e d M a r c h 25, 1974) 
G r o w t h a n d p r o t e i n f o r m a t i o n of a n Actinomucor repens ( S t r a i n N o . 207) 
c u l t u r e u n d e r s u b m e r g e d c o n d i t i o n s in a g i t a t e d a n d a e r a t e d f e r m e n t e r s w e r e 
s t u d i e d in c u l t u r e m e d i a of d i f f e r e n t c o m p o s i t i o n . T h e g r o w t h o f t h e a b o v e s t r a i n 
w a s neg l ig ib l e w h e n s y n t h e t i c g l u c o s e a n d s u c r o s e m e d i a w e r e u s e d . T h e c o m p l e -
t i o n of t h e m e d i a w i t h c o r n - s t e e p l i q u o r r e s u l t e d in a r e m a r k a b l e g r o w t h r e s p o n s e . 
M a x i m a l m y c e l i a l a n d p r o t e i n y i e l d s of t h e c u l t u r e in g l u c o s e a n d in s u c r o s e m e d i a 
c o n t a i n i n g c o r n - s t e e p l i q u o r w e r e 8 .4 a n d 8 .7 f o r m y c e l i a l y i e l d a n d 4 .1 a n d 3 .5 
g l - 1 , r e s p . , f o r p r o t e i n y i e l d . T h e g r o w t h r a t e c o n s t a n t (&) o f t h e Actinomucor 
c u l t u r e g r o w n i n s e m i - s y n t h e t i c s u c r o s e m e d i u m w a s m u c h h i g h e r (0 .83 h ~1) 
t h a n in m e d i a c o n t a i n i n g g l u c o s e (0 .58 h _ 1 ) . T h e p r o d u c t i o n r a t e c o n s t a n t s ( k p l ) 
o f p r o t e i n f o r m a t i o n p r o v e d t o b e e q u a l (0 .33) i n b o t h o f t h e a b o v e m e d i a u s e d . 
W h e n a m e d i u m , c o n t a i n i n g h y d r o l y s e d b r e a d a s a c a r b o n s o u r c e , w a s u s e d , t h e 
m y c e l i a l a n d p r o t e i n y i e l d s i n c r e a s e d m o r e t h a n 2 .5 - fo ld o f t h e a b o v e y i e l d s (22 .0 
a n d 10.7 g 1 _ 1 , r e s p . ) . T h e r a t e c o n s t a n t s of g r o w t h a n d p r o t e i n f o r m a t i o n o f t h e 
c u l t u r e g r o w n i n t h e a b o v e n a t u r a l m e d i a w e r e a l so s i g n i f i c a n t l y h i g h e r (1 .30 
a n d 0 .79 h _ 1 ) t h a n t h e o n e s i n t h e s e m i - s y n t h e t i c m e d i a . 
The rapid increase in the population of the earth makes it necessary to 
produce about 1 . 3 M t more protein each year ( G R A Y , 1 9 6 6 ) . Such an expansion 
of the protein production cannot be based on agriculture alone. This is the 
reason why microbial protein as a new source of protein is of current interest 
for animal feeding as well as for human nutrition. 
Fungi form one group of microbes upon which commercial food syn-
thesis can be based. They show great efficiency in using energy from cheap 
carbohydrates to convert elementary nutrients into protein. Their filamentous 
structure, together with their rich enzyme systems, make it possible for them 
to utilize waste products without previous artificial (chemical) hydrolysis. 
In the present work the mycelium and protein production of a strain 
of the fungus Actinomucor repens was examined under submerged conditions 
when glucose, sucrose and bread were used as the carbon source in the media. 
In spite of the fact, tha t ground bread can thoroughly be utilized by the cul-
ture, bread was added to the media after hydrolysis to avoid the errors in the 
measurement of mycelial yield caused by undigested bread particles in the 
early stages of the growth. The growth and protein synthesis were kinetically 
analyzed by the method of K O N O and A S A I (1968) and kinetic constants of the 
above strain grown in various media were compared. 
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1. Materials and methods 
1.1. Microorganism 
An Actinomucor repens strain (No. 207) was used as the test organism 
(from the Strain Collection of the Research Institute of Viticulture and Oenology, 
Budapest). Stock cultures were maintained on agar slants. The spore suspen-
sion used as the inoculum contained 106 conidia per ml of water. 
1.2. Nutrient media 
The composition of the inoculation medium was as follows: yeast 5.0 
g (in the form of an extract); soluble starch 15 g; KH 2PO„ 1.0 g and 
MgS04- 7H20 0.5 g adjusted to 1 000 ml with tap water; p H 5.5. 
Synthetic (Nos. 1 and 3), semi-synthetic (Nos. 2 and 4) and natural 
media (No. 5) were used for fermentation. The organic matter sources con-
sisted of No. 1: glucose 80 g; No. 2: glucose 80 g, corn-steep liquor 20 g; No. 3: 
sucrose 80 g; No. 4: sucrose 80 g, corn-steep liquor 20 g; No. 5: ground bread 
40 g; corn-steep liquor 20 g. (400 g of dry ground bread were suspended in 
9 400 ml of tap water. This was heated to 80 °C, then 16 ml of cc. H 2 S 0 4 were 
added. The hydrolysis was carried out at 120 °C for 60 minutes). After 
hydrolysis the p H was adjusted to 4.0 with NaOH; mineral salts were in-
corporated in each of the above media as follows: (NH4)2S04 10 g; ZnS0 4  
0.25 g; MnS04 0.10 g; K H 2 P 0 4 1.0 g; volume was adjusted to 1000 ml with 
t a p water, p H to 4.0. 
1.3. Method of cultivation 
100 ml of the inoculation medium were inoculated with 1 ml of a spore 
suspension and were incubated for 24 hours on a rotary shaker (rpm: 330; 
stroke: 20 mm; oxygen transfer rate in the flasks: 17—19 mmole l - 1 h - 1 at 
a temperature of 28 °C). The fermentations were carried out in 10-litre glass 
fermenters. The 6 000 ml of medium contained in a fermenter were inoculated 
with 600 ml of the above 24-hour vegetative culture. The speed of the agitation 
was 460 rpm, and the volume of air that was bubbled through the culture media 
was 1.0 1 l - 1 m in - 1 . The oxygen transfer rate in the fermentor was 50.8 
mmole l - 1 h - 1 as determined by the method of C O O P E R et al., (1944). 
1.4. Preparation of mycelia 
Mycelia were obtained f rom the fermentation broth by filtration through 
a Nylon cloth (mesh: 60 ym). The residues of the medium were removed by 
thorough washing with water, then the mycelia were dried at 105 °C to con-
s tan t weight. 
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1.5. Protein determination 
The protein content of the mycelia was determined by the Biuret method 
as modified for protein determination of whole cells by H E R B E R T et al. (1971a). 
1.6. Carbohydrate determination 
Reducing sugars were measured by the method of S O M O G Y I ( 1 9 5 2 ) , 
while the total carbohydrate content of the fermentation broths was deter-
mined by the phenol method ( H E R B E R T et al., 1 9 7 1 B ) . 
1.7. Kinetic analysis 
Growth and protein formation of the culture was analysed kinetically. 
With the use of the kinetic constants determined graphically, mycelial and 
protein yields were calculated by the equations given by K O N O ( 1 9 6 8 ) and 
K O N O and A S A I ( 1 9 6 8 ) for the determination of growth and product concen-
tration of the cultures, respectively. 
Kinetic analysis of diauxic growth was performed by the method of 
K O N O and A S A I ( 1 9 7 1 ) and that of product (protein) formation according to 
Z E T E L A K I - H O R V Á T H ( 1 9 7 2 ) . 
2. Results 
Mycelial and protein synthesis of the Actinomucor repens strain were ex-
amined under submerged conditions in culture media of different composition. 
At first, cultivation of the Actinomucor repens strain was at tempted in 
glucose and sucrose containing synthetic media. A very slow rate of growth 
could be observed when the above strain was incubated in synthetic media 
(media Nos. 1 and 3, in para: 1.2.). The mycelial yields were not sufficient to 
give a regular growth curve. The above media were then completed with 
corn-steep liquor. The mycelial and protein yields and data of rates of growth 
and protein formation of the Actinomucor culture in a medium containing 
glucose and corn-steep liquor (medium No. 2) are given in Fig. 1 and Table 1. 
The mould consumed 4.0 per cent sugar until maximum mycelial yield 
was obtained. The pH of the culture filtrate showed a decreasing tendency in 
the transient and in the exponential phases and an increase in pH value was 
observed in the period of the autolysis. 
The growth of the Actinomucor repens strain followed the pattern of a 
regular 4-phase growth curve. The rate constants of growth and protein forma-
tion were 0.58 and 0.33 h - 1 , resp. Maximum mycelial and protein yields (8.4 
and 4.1 g l - 1 , resp.) were attained in the 42-hour culture. 
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T a b l e 1 
Kinetic constants of the Actinomucor repens strain, grown in semi-synthetic 
and, natural media 
Media to tL to tM(l) so XL sc 
No. 2. glucose 
corn-s teep 6 12.0 28.0 42 0 1.0 6.0 
No. 4. sucrose -(-
corn-s teep 6 15.0 31.5 42 0 1.0 6.0 
No. 5. b r ead 3 7.5 14.0 48 0 2.0 8.8 
SM к kP l bp. PC PM tM(p) 
No. 2. glucose -f-
corn-s teep 8.4 0 .58 0.33 0 0 .33 4.1 42 
No. 4. sucrose 
corn-s teep 8.7 0 .83 0.33 0 0.26 3.5 42 
No. 5. b r ead 22.0 1.30 0.79 0 4.80 10.7 48 
t M and t M ( p ( t i m e of t h e m a x i m u m m y c e l i u m a n d p ro t e in y i e ld s in hours ( d a t a of y ie lds 
a r e r e l a t ed to g 1— ' J 
The mycelial and protein yields, as well as the rates of growth and pro-
tein formation of the Actinomucor repens strain in culture media containing 
sucrose and corn-steep liquor (medium No. 4) are given in Fig. 2 and Table 1. 
As can be seen in Fig. 2 the pH-value and the sugar content of the fer-
mentation broth decreased until the 42nd hour of the fermentation. In the 
following period when the autolysis of the mycelia started the pH value of the 
culture filtrate showed an increasing tendency. 
Maximal mycelium and protein yields were obtained at 42 hours of 
cultivation (8.7. and 3.5 g l - 1 , resp.). The growth curve of the culture consisted 
of four phases. The rate constants of growth and of protein formation of the 
culture proved to be 0.83 and 0.33 h - 1 , resp. 
Since the completion of the culture media of Actinomucor repens with 
corn-steep liquor resulted in an increased rate of growth, the effect of natural 
media containing bread and corn-steep liquor (medium No. 5) was also exam-
ined. The mycelial and protein yields, the rates of growth and protein for-
mation of the Actinomucor culture in bread medium are given in Fig. 3 and in 
Table 1. 
The pH of the fermentation broth showed a slight decrease (from pH 
4.0 to 3.45) until maximum growth was attained, and an increase afterwards 
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Time of cultivation (hours) Mycelial concentration 
(g.|-M 
Fig. 1. Mycel ia l and p r o t e i n y ie lds a n d r a t e s of g rowth a n d p r o t e i n f o r m a t i o n of t h e 
Actinomucor repens (No. 207) cu l tu re g r o w n in semi - syn the t i c g lucose (No. 2) m e d i u m . 
(Agi ta t ion speed : 460 r p m ; a e r a t i o n r a t e : 1.0 1 l - 1 m i n - 1 ; 0 2 - t r a n s f e r r a t e : 50.8 
m m o l e l - 1 h - *) 
(д-Г1) 
Fig . 2. Mycel ia l and p r o t e i n y ie lds a n d r a t e s of g r o w t h a n d p r o t e i n f o r m a t i o n of t h e 
Actinomucor repens (No. 207) cu l t u r e g r o w n in semi - syn the t i c sucrose (No. 4) m e d i u m . 
(Ag i t a t i on speed : 460 r p m ; ae r a t i on r a t e : 1.0 1 l - 1 m i n - 1 ; 0 2 - t r a n s f e r r a t e : 50.8 
m m o l e l - 1 h - 1 ) 
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I 1 1 1—-—I 1 1 i I I 
0 12 24 36 48 54 60 0 10 20 
Time of cu l t i va t i on ( h o u r s ) Mycelial concen t r a t i on (g• I - 1 ) 
F i g . 3. M y c e l i a l a n d p r o t e i n y i e l d s a n d r a t e s of g r o w t h a n d p r o t e i n f o r m a t i o n of t h e 
Actinomucor repens (No. 207) c u l t u r e g r o w n in h y d r o l y s e d b r e a d (No. 5) m e d i u m . (Agi-
t a t i o n s p e e d : 460 r p m ; a e r a t i o n r a t e : 1.0 1 1 _ 1 m i n - 1 ; 0 2 - t r a n s f e r r a t e : 50.8 
m m o l e 1~ ' h - 1 ) 
toward the end of the fermentation. The 3.5 per cent initial carbohydrate 
content of the media decreased by 1.6 per cent until the 48th hour of the 
fermentation. 
Maximum mycelial and protein yields (22.0 and 10.7 g 1_1 , resp.) were 
attained in the 48-hour culture. The rate constants of growth and protein 
formation of the culture were found to be 1.30 and 0.79 h - 1 , resp. 
3. Conclusions 
In our previous work diauxic growth of various Aspergillus strains was 
found to take place when cultures were grown in media containing sucrose 
and corn-steep liquor ( Z E T E L A K I - H O R V A T H & B É K Á S S Y - M O L N Á R , 1973; Z E T E -
L A K I - H O R V Á T H et al., 1973). The rate of growth and protein synthesis of Actino-
mucor repens, Rhizopus cohnii ( Z E T E L A K I - H O R V A T H et al., 1974a) and Mucor 
mucedo ( Z E T E L A K I - H O R V A T H et al., 1974b) strains were also studied. When the 
Actinomucor repens strain was cultivated in glucose and sucrose media con-
taining corn-steep liquor, diauxic growth was not observed. The cultures fol-
lowed the pattern of a simple one-stage growth curve consisting of four phases. 
From the fact that insufficient growth of the above strain was obtained in 
synthetic media and the mycelial yield could significantly be increased by 
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complementing the above media with corn-steep liquor, the conclusion 
can be drawn that culture media must be supplemented with natural compo-
nents in order to get a good cell synthesis. 
Maximum mycelial yields (8.4 and 8.7 g 1_ 1 , resp.) were attained in 
glucose and sucrose media complemented with corn-steep liquor when the age 
of the culture was 42 hours. Maximum protein yields were also obtained in 
cultures of the same age but in contrast to the mycelial yields, the maximal 
protein yield was higher in glucose (4.1 g 1_1), than in sucrose (3.5 g l - 1 ) 
media (P 95%, r = 0.89). The growth rate constant of the culture in the 
exponential growth phase was higher (0.83 h _ 1 ) in media containing sucrose 
than in that containing glucose (0.58 h"1), while the protein production rate 
constants were equal (0.33 h _ 1 ) in both of the above media. The mycelial 
(22.0 g l - 1 ) and the protein yields (10.7 g l - 1 ) of the Actinomucor repens culture 
in bread hydrolysate were more than two and a half times higher than the yields 
obtained in the above glucose and sucrose media. This result is of great practi-
cal importance since the large amount of dry bread being available as 
waste product in the households and in the baking industry could be economi-
cally utilized for protein production by fungi. 
The values of the growth rate and production rate constants were signif-
icantly higher (1.30 and 0.79 h - 1 ) in this natural medium than in the above 
semi-synthetic media. 
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EFFECTS OF ZEARALENONE AND SOME DERIVATIVES ON 
ANIMALS FED ON CONTAMINATED FODDER 
R . L Á S Z T I T Y and L . W Ö L L E R 
( R e c e i v e d J u l y 8, 1974) 
T h e m y c o t o x i n c o n t e n t o f m a i z e d a m a g e d b y Fusarium m o u l d s w a s in -
v e s t i g a t e d . A f t e r e x t r a c t i o n w i t h c h l o r o f o r m t h e t o x i c c o m p o n e n t s w e r e p u r i f i e d 
a n d s e p a r a t e d w i t h t h e a id o f c o l u m n a n d t h i n - l a y e r c h r o m a t o g r a p h y . T h e m e t h o d 
o f Mirocha w a s u s e d . T h e t o t a l t o x i n c o n t e n t of m a i z e v a r i e d b e t w e e n 70 — 80 p p m . 
I n a d d i t i o n t o t h e t o x i c c o m p o n e n t s d e s c r i b e d b y Mirocha a n e w c o m p o n e n t — 
h a v i n g a n Ry v a l u e of 0 . 4 1 — w a s s e p a r a t e d . T h e n e w c o m p o u n d w a s i s o l a t e d 
a n d i n v e s t i g a t e d b y I R s p e c t r o p h o t o m e t r y . S o m e d i f f e r e n c e s i n I R s p e c t r a w e r e 
o b s e r v e d r e l a t e d t o t h a t of z e a r a l e n o n e . 
P igs , r a b b i t s a n d d e e r s w e r e fed t h e m y c o t o x i n - c o n t a i n i n g m a i z e . T h e 
t o x i n c o n t e n t o f d i f f e r e n t o r g a n s o f t h e f ed a n i m a l s w a s e x a m i n e d . T h e l iver a n d 
t h e g a s t r i c c o n t e n t c o n t a i n e d i n a l l c a se s z e a r a l e n o n e . O e s t r o g e n i c e f f e c t of t h e m y c o -
t o x i n s w a s o b s e r v e d in a l l c a s e s . N o t o x i c c o m p o u n d s o c c u r r e d in t h e g e n i t a l s . 
T h e n e w ( R j = 0.41) c o m p o n e n t of t h e t o x i e s u b s t a n c e s w a s p r e p a r e d i n 
c r y s t a l l i n e f o r m a n d f u r t h e r i n v e s t i g a t i o n s wil l b e m a d e t o e l u c i d a t e t h e c h e m i c a l 
c o m p o s i t i o n a n d b io log ica l e f f e c t o f t h i s c o m p o u n d . 
From phytopathological aspects, Fusarium is one of the most significant 
genera. Recently a number of Fusarium species caused severe economical 
damage almost throughout the world, either in plant breeding, due to phyto-
toxic effect or in animal husbandry, due to zootoxic effect. 
Early in the preliminary stage of the toxicological research of Fusarium 
species, the above biologically active materials were classified by toxic effects. 
Several toxin groups were established, corresponding to syndromes observed 
in animals, like "oestrogenic factor" or "emetic factor". By that time, no 
pathogenic agents were isolated, simply diseases coincident with the presence 
of Fusarium were demonstrated. 
The research of oestrogenic metabolites has been launched in the last 
few decades ( M I R O C H A et al., 1 9 6 7 ) , throwing light on several fundamental 
facts. These showed several perfect forms of Gibberella zeae to develop metab-
olite likely to cause oestrogenic symptoms in various animal species, such as 
vulval swelling, vaginal prolapse and hypertrophy of mammalian glands in 
young sows, and enlargement of the uterus in young, female rats. Hungarian 
researchers stated the toxin of Fusarium graminearum to cause pseudo-
oestration. P A L Y U S I K ( 1 9 7 2 ) observed harmful toxic effects on the spermato-
geny of ganders. 
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Basic results of toxicological research with Fusarium graminearum were 
published by M I R O C H A and C H R I S T E N S E N ( 1 9 6 5 ) stating that a strain growing 
on the autoclaved corn produces oestrogenic toxins F-l, F-2 and F-3. F-l was 
shown to be identical with ergosterol, while F-2 to be the enanthiomorph of 
oestrogen, chemically described as 6-(10-hydroxy-6-oxo-irans-l-undecyl)-/?-
resorcyl acid lactone. The above authors will continue their research by deter-
mining the chemical nature of F-3. 
Available results justify the statement that the toxin probably respon-
sible for the sterility of cattle is rather similar to toxin F-2, recently called 
zearalenone. This similarity is apparent from the release of F-3 f rom mycelia 
in obtaining zearalenone chemically, and it can well be detected beside F-2 
with the same reagent and the same developing method. 
Tests with the Fusarium graminearum toxin led to the statement of the 
decisive importance of zearalenone (toxin F-2) for the toxicity of maize con-
taminated with Fusarium. 
Maize infected with Fusarium graminearum may not be toxic to animals. 
In such cases, however, the presence of zearalenone could not be chemically de-
tected, either. This surprising observation is explained by tests connected with 
the optimum conditions of zearalenone biosynthesis ( P R E N T I C E & D I C K S O N , 
1968). Earlier observations showed Fusarium graminearum to have produced 
toxin only if exposed to low temperature at a given incubation stage. The 
above authors based their tests on this observation, and grew fungus cultures 
on sterile maize for different periods incubated at different temperatures, then 
studied the rates of biosynthesis of zearalenone and ergosterol. Cultures being 
incubated at 12 °C for three weeks produced 3 500 ppm of zearalenone but no 
ergosterine. At 25 °C, under otherwise identical conditions, toxin production 
of fungus strains shifted towards ergosterol while no zearalenone was found. 
Subsequent test data showed a low temperature period necessary to be in-
cluded in the incubation time, making the fungi able to produce zearalenone 
subsequently at higher temperatures. Of the temperatures of 12, 27 and 32 °C, 
12 °C is optimal for toxin production. With increasing incubation t ime toxin 
production grows. 
Thus, temperature and incubation time can be stated to significantly 
affect zearalenone production. 
Composition of the medium often determines physiological and morjiho-
logical variability of microorganisms, a fact to remember in connection with 
Fusaria. To our best knowledge, no studies on the relation between toxin 
production of Fusarium and medium composition have been made so far. 
Some newer results ( C A L D W E L L et al., 1 9 7 0 ) are of interest which demonstrate 
tha t of several Fusarium species only F. graminearum produces zearalenone. 
The authors isolated several Fusarium species and grew them on auto-
claved maize. After incubation at 16 °C for three weeks, cultures were extracted 
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by absolute ethanol. Extracts were demonstrated by thin-layer chromato-
graphy to contain zearalenone in the following strains: F. roseum "Culmorum", 
F. roseum "Equiseti", F. roseum "Gibbosum", F. roseum "Graminearum" 
and F. tricinctum. I t should be mentioned that no toxin production was ob-
served under the same conditions for other Fusaria: F. moniliforme, F. nivale, 
F. oxisporum, F. solani. 
Also data contradictory to those by the authors were referred to have 
been published on F. moniliforme. Strains of the latter were found to produce 
the metabolite F-3. Even M I R O C H A and co-workers ( 1 9 6 7 ) demonstrated that 
this strain produced important quantities of zearalenone (8 fig of toxin per g 
of maize). 
Other research workers ( W Ö L L E R & B I R Ó - G O S Z T O N Y I , 1 9 7 1 ) showed 
that F. culmorum produced zearalenone in certain circumstances. 
In the years 1971 to 1973, Fusarium contamination caused important 
losses in Hungarian agriculture. As a consequence of a cool, rainy autumn 
weather, 45.5 per cent of the 1972 maize crop exhibited microbiological or 
toxicological contamination ( E T T E R , 1 9 7 3 ) . Fodder made of maize infected 
with Fusarium fungi often caused oestrogenic syndroms in pigs and other 
domestic animals. According to recent observations ( E A R N E R , 1 9 7 4 ) reduced 
proliferation of hares can be at tr ibuted to Fusarium toxins. Death of game 
(deer, stag, fallow deer) visiting agricultural areas has been reported of, and 
attr ibuted to zearalenone toxin and derivatives. 
Zearalenone and its derivatives extracted from maize collected from 
different crop lands have been tested. Animal tests have been made to see 
in what organs zearalenone and derivatives of oestrogenic effect can be de-
monstrated, further if zearalenone derivatives alone produce the same symp-
toms in the organism as zearalenone itself. 
1. Materials and methods 
1.1. Extraction of zearalenone 
Maize fed at pig-farms causing fusario-toxicosis was applied to obtain 
zearalenone toxin. Each time 50 g maize was exposed to 6 h of chloroform ex-
traction in a Soxhlet extractor to prepare toxin. Chloroform was removed from 
the oil phase obtained in a rotary vacuum distillation evaporator flask. The 
residue was purified by the method of M I R O C H A and co-workers (1968b) by 
extraction and chromatographical methods. 
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1.2. Testing of purified extracts by thin-layer chromatography 
The extract prepared by the methods described in paras. 1.1. and 1.5. 
was tested by thin-layer chromatography. 
The thin-layer plate was made (according to Stahl) from a mixture of 4 
g of Kieselgel-G, and 8 g of water, uniformly applied on a 20 by 20 cm glass 
plate. After the plate was dried, the gel was activated in a desiccator at 
105 °C±2. 
Of the standard alcohol solution of F-2, 2, 4 and 6 yl, resp., correspond-
ing to 1, 2 and 3 yg of toxin, were applied to the plate according to Mirocha's 
method. At 2-cm spacings, 5, 10 and 20 y\ chloroform stock solutions were 
applied, obtained from the extract of viscera, and 5 y\ of the toxin mixture 
from the fodder maize extract. 
To run the thin-layer chromatogram, a 90 : 45 : 5 mixture of toluene, 
ethyl acetate and formic acid was applied. After 60 min of development the 
solvent residue was removed from the plate by hot-air drying. The developed 
chromatogram was examined in UV light (385 nm) and the toxin F-2 found to 
emit a greenish fluorescence at 0.78 R,, while toxins F-3, and F-4 at 0.70 
and 0.65 R^, respectively. The test material contained toxin F-2 a t identical 
R^ values, in addition to an UV-active spot at 0.45 R / ; probably due to toxin 
decomposition. Semi-quantitative evaluation was based on spot area and 
intensity. 
1.3. Testing of purified extracts with gas chromatography 
Zearalenone and derivatives were also tested by gas chromatography. 
0.5 ml of extract purified chromatographieally was transformed into trimethvl 
silyl ether by the Shotwell method ( S H O T W E L L et al., 1 9 7 0 : 0 . 1 ml of extract -j-
0.1 of pyridine -(-0.1 ml of chlorine trimethyl silane -f- 0.2 ml of hexamethyl 
trisilazane). Chromatography was performed in a H E W L E T T - P A C K A R D type 
gas Chromatograph by flame ionization detection, on a 150 cm long column, 
composed of 5 % separation fluid S E - 3 0 , and Chromosorb W 6 0 / 8 0 carrier. 
Temperatures of column and evaporating chamber were 238 °C and 280 °C, 
resp., nitrogen was applied as a carrier gas (25 ml min - 1 ) . 
1.4. Analysis of the IR spectra 
For a detailed analysis of the compounds, their IR spectra were exam-
ined, using a Z E I S S spectrometer type UR-20. 
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1.5. Examination of the biological activity of toxins 
Biological activity of toxins F-2, F-3 and F-4 was studied in animal 
tests. A f if ty-f i f ty mixture of maize infested with Fusarium graminearum and 
F. culmorum was used to produce a fodder containing 50 у k g - 1 zearalenone. 
14-day feeding tests were made with albino rats, rabbits and pigs. 
In the course of the feeding tests, the daily toxin dosage for the different 
animal species was adjusted by fodder batching. Zearalenone and derivatives 
were administered to albino rats, rabbits and pigs in quantities of 5y, 10у and 
5Oy, respectively. Toxin accumulation in the organism was tested on three 
animals of each kind, and at each time. A control group was fed on toxin-
free maize. After the 14-day test period, animals were dissected and toxin 
contained in liver, uterus, testicles and gastric content examined. The same 
was done for dead animals. 
Viscera (liver, uterus, testicles) have been cut to 0.25 to 0.5 cm pieces 
and homogenized in a Biomix disintegrator in a chloroform solution. The 
homogeneous material was treated for 6 h in a Soxhlet apparatus to extract 
toxin F-2. After extraction, the chloroform solution was cooled to — 70 °C with 
dry ice and frozen fats removed. Chloroform was removed by distillation, the 
residue was washed 3 times in 10 ml petroleum ether each, to remove traces 
of fat. 
The residue was dissolved in 1 ml of chloroform and its F-2 content 
tested by thin-layer chromatography (See para. 1.2.). 
2. Results 
Zearalenone could invariably be detected from the toxophorous maize 
by thin-layer chromatography at Ry 0.78 by its UV absorption. At lower Ry 
values different from that of zearalenone i.e. at 0.70, 0.65, 0.60, again spots of 
greenish fluorescence were detected, at decreasing concentrations correspond-
ing to the decreasing Ry values. To improve detection, thin-layer toxin sepa-
ration was repeated with two-dimensional development. In the first direction, 
the quoted toluene - ethyl acetate formic acid mixture was applied, in the 
other one, 85 : 10 : 5 mixture of benzene — ethyl acetate—acetic acid was ap-
plied where Ry 0.42 was obtained for zearalenone and Ry 0.41 for compound 
F-4. Two-dimensional separation gave eight distinct but adjacent UV-active 
spots. A typical chromatogram is shown in Fig. 1. 
At 2.7 min retention time, the gas-chromatogram exhibited a peak 
identified as zearalenone. Two minor peaks appeared at 3.1 and 3.4 min. 
Comparison between gas chromatography and thin-layer chromato-
graphy tests showed the demonstrability of only three peaks by gas-chromato-
6 Acta Alimentaria 4, 1975 
194 LÁSZTITY & WÖLLER: ZE AR A LE NONE AND DERIVATIVES IN FODDER 194 
F i g . 1. T y p i c a l t w o - d i m e n s i o n a l t h i n - l a y e r c h r o m a t o g r a m of Fusarium t o x i n s ( K i e s e l g e l 
G , t o l u e n e — e t h y l a c e t a t e — f o r m i c a c i d 90 : 4 5 : 5 a n d b e n z e n e — e t h y l a c e t a t e — a c e t i c 
a c i d 85 : 10 : 5) 
graphv from the eight various spots, indicating either very low quantities of 
derivatives of zearalenone or the various compounds to exhibit structural 
similarities preventing their separation. 
In further tests, from the eight UV-active compounds isolated by thin-
layer chromatography, three were eluted from the silica gel layer by absolute 
ethanol, corresponding to R, values of 0.78 (0.42), 0.70 (0.42) and 0.65 (0.41) 
resp., designated conventionally as F-2, F-3 and F-4. 
On the basis of IR spectra typical absorption maxima of toxin F-2 
appeared at wave numbers: 3 400, 2 950, 2 935, 2 860, 1 690, 1 650, 1 618, 1 580, 
1 450, 1 430, 1 390, 1 360, 1 320, 1 260, 1 200, 1 170, 1 100, 970, 890 and 
845 cm-1 . 
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This is in fair agreement with the IR spectrum of zearalenone reported 
by other workers ( M I R O C H A et al., 1968a.), and so are their chemical and bio-
logical properties. A typical IR spectrum is shown in Fig. 2. 
The spectrum of the compound we named F-3 slightly differed from that 
of zearalenone. Although the absorption maxima are similar in character at 
wave numbers 3 400 and 2 860 c m - 1 , absorption is missing at wave number 
1 670 c m - 1 , typical of ketone and lactone groups, while a further difference is 
at wave numbers 700 to 900 where absorptions hinting at typical skeleton 
vibrations of the resorcyl acid aromatic ring, are missing. Relations are shown 
in Fig. 3. 
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Absorption spectra of compounds F-3 and F-4 are rather similar except 
t ha t the former exhibits stripes typical of the aromatic ring, indicating presence 
of the basic skeleton of resorcyl acid lactone. 
Some results connected with feeding tests are summarized in Table 1. 
T a b l e l 
Some results of feeding tests 
Animal species 
Toxin in organs 
Liver Stomach Inner genitals 
F-2 F-3 F-4 F-2 F-3 F-4 F-2 F-3 F-4 
A l b i n o r a t + + + + + + + + + 
R a b b i t + + + + + + — — — 
H a r e + + + 4 , + + — — — 
P i g + + + + + + + — — 
D e e r + + + + + + — — — 
Subsequently, biological activity tests were made with the purified 
product of toxin F-4, since this could be demonstrated in the organism of 
several animal species. 
Biological activity of the compound was tested on six-year-old virgin 
albino rats, administered intramuscularly, in 14-day test periods, 50 у of 
toxin F-4, four times each. 
3. Conclusions 
Earlier detected toxin F-2, further, zearalenone derivatives F-3 and 
F-4 of unknown composition could be isolated from maize infected with F. 
graminearum and F. culmorum. 
Feeding tests permitted to demonstrate biologically active compounds 
F -2, F-4 occurring in gastric content, liver and on occasions, in testicles of 
fed animals. Toxin F-4 was produced in purified form and its oestrogenic 
effect demonstrated in rat tests. Of the total of eight zearalenone type toxins, 
four were recognized to have similar structural properties, and to affect bio-
logically the normal sexual cycle causing serious losses in animal husbandry. 
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IMPROVEMENT IN THE TEXTURAL QUALITIES OF 
IRRADIATED LEGUMES 
S . P . N E N E , U . K . V A K I L a n d A . S R E E N I V A S A N 
( R e c e i v e d J u l y 31, 1974) 
G a m m a - i r r a d i a t i o n of p u l s e s r e d u c e s t h e i r c o o k i n g t i m e in v a r y i n g d e g r e e s , 
a s m e a s u r e d b y a t e x t u r e m e t e r . I n i t i a l h i g h e r h y d r a t i o n r a t e o n s o a k i n g a n d 
c o o k i n g , s t a b i l i z e s o n p r o l o n g e d c o o k i n g a n d r e s u l t s i n b e t t e r a n d u n i f o r m t e x t u r e 
o f i r r a d i a t e d r e d g r a m . B e t t e r r e t e n t i o n of s o m e of t h e v i t a m i n s B , o b s e r v e d 
i n i r r a d i a t e d a n d c o o k e d r e d g r a m , is a t t r i b u t a b l e t o t h e r e d u c t i o n i n c o o k i n g t i m e . 
Most legumes take comparatively long time for cooking. Practices such 
as soaking in water, cooking under pressure and use of chemical additives like 
sodium bicarbonate, sodium or ammonium carbonate or trisodium phosphate 
are, therefore, often resorted to for hastening cooking time ( S U B B A R A O et al., 
1 9 6 4 ) . These generally result in some losses of water-soluble vitamins or in 
protein damage ( S U B B A R A O & S U B R A H M A N Y A N , 1 9 5 0 ) . Recently, efforts are 
also being directed to obtain, by mutation breeding, selection and hybridiza-
tion techniques, seed strains with better nutritive value and improved cooking 
qualities ( S W A M I N A T H A N et al., 1 9 7 0 ) . 
I t has been shown that radiation treatment reduces the rehydration 
time of partially dehydrated vegetables like carrot, cabbage, etc. and cooking 
time of potato, burdock and onions ( T A K A N O et al., 1 9 7 0 ) . Cooking is known 
to cause certain physical and chemical changes, such as in appearance, flavour, 
palatability and digestibility; thereby the organoleptic attributes of the raw 
product are also altered. A precise measurement of the extent of softening 
of food associated with cooking is a pre-requisite for assessment of textúrái 
qualities in cooked foods. 
Various instruments of diverse nature like the shear press ( H A B T M A N 
et al., 1 9 6 3 ) , tenderometer ( P R O C T O R et al., 1 9 5 5 ) and texturemeter ( F R I E D M A N 
et al., 1 9 6 3 ) are used for measuring the texture of foods ( B O U R N E , 1 9 6 6 ) . The 
Instron Universal Testing Machine is also employed for measuring diversified 
textúrái attributes of foods including softening ( B O U R N E et al., 1 9 6 6 ) . Other 
reported methods, which depend upon the determination of dispersed solids in 
the cooking water in relation to the cooking time, or upon the use of the 
principle of alkali lability ( B E N H A M , 1 9 4 2 ) , are quite cumbersome. 
In the present studies, the potential for use of gamma radiation process-
ing to improve texture, hydration and cooking quality of pulses, particularly 
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red gram, has been examined. The textúrái changes in irradiated pulses in 
terms of softening is measured by a texturemeter, constructed in our labora-
tory. The effects of radiation and cooking on some of the vitamins В have also 
been studied. 
1. Materials and methods 
1.1. Irradiation 
Dry legumes such as bengal gram (Cicer arietinum), field bean (Dotichos 
lablab), peas (Pisum sativum), ra jmah (Phaseolus vulgaris), black gram (Pha-
seolus mungo), lentil (Lens esculenta) and red gram (Cajanus cajan) were pur-
chased from the local market. 100-g lots of the pulses were packed in polythene 
bags and exposed at ambient temperature (25 °C) to a eoCo source of gamma 
radiation (Gamma Cell-220, A T O M I C E N E R G Y O F C A N A D A LTD.) having a flux 
of 15 krad min - 1 , at dose levels from 0.5 to 3 Mrad. Absorption of radiation 
was checked with ferrous sulphate and eerie sulphate dosimetry ( W E I S S , 1 9 5 2 ) . 
1.2. Construction of texturemeter 
The sketch and photograph of the texturemeter constructed in this 
laboratory, are shown in Figs. 1 and 2, respectively. I t consists of a stainless 
steel cylindrical chamber fi t ted with a removable perforated stainless steel 
disc at the bottom and resting on a tripod stand. A movable piston operates 
from the top. The test material is put between the disc and the piston to ex-
trude it and pressure is applied on the piston by an arbor press. The free end 
of the lever of the arbor press carries a pan (Fig. 2). Weights are added to the 
pan till a complete removal of the cooked material through the perforated 
disc takes place. This is monitored by an electro-mechanical device actuating 
an indicator lamp, and recorded. The weights are added sufficiently quickly 
to avoid discontinuity in the extrusion of the test material. 
Changes in the texture of the cooked pulse were also measured on the 
Instron (Table Model). This consists of a moving cross head, which can be 
driven synchronously at a number of set speeds. A variety of attachments to 
squeeze, cut or puncture the test food, can be fi t ted to the cross-head and the 
force required is recorded on a strip chart recorder. 
1.3. Determination of the rate of hydration 
The pulse (5 g) was soaked for from 10 to 180 min in distilled water. In 
separate experiments, the pulse (5 g) was cooked for 2 to 25 min. At different 
time intervals, excess water was decanted, the samples wiped on a blotting 
paper and weighed. The rate of hydration was calculated by the difference in 
weights before and after soaking or cooking, as the case may be. 
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1.4. Estimation of vitamins В 
Thiamine, riboflavin and niacin were estimated by methods described 
by A.O. A.C.(1960). Red gram flour was homogenized in 0.1 A1 HCl and auto-
claved at 121 °C for 30 min. Thiamine and riboflavin were released by incubat-
ing the acid extract with takadiastase (1 mg ml - 1 ) at 37 °C for 20 h. Thiamine 
was eluted on activated Decalso column (10x0.5 cm). Oxidizing reagent 
F i g . 1. S k e t c h o f t e x t u r e m e t e r . A s t a i n l e s s s t e e l c y l i n d r i c a l c h a m b e r , f i t t e d w i t h a 
p e r f o r a t e d d i s c (154 p e r f o r a t i o n s , 52 t h o u ) a t b o t t o m e n d a n d a m o v a b l e p i s t o n 
o p e r a t i n g f r o m t h e t o p , is r e s t e d o n a t r i p o d s t a n d . P r e s s u r e is a p p l i e d b y a n a r b o r p r e s s 
t o e x t r u d e t h e t e s t m a t e r i a l , p l a c e d b e t w e e n t h e d i sc a n d t h e p i s t o n 
[1% K3Fe(CN)e in 15% NaOH] was added to the eluate immediately followed 
by isobutyl alcohol. Tubes were shaken vigorously, centrifuged and solvent 
layer removed carefully. Thiochrome fluorescence was measured using quinine 
sulfate solution (0.25 yg m l - 1 ) to govern reproducibility of fluorometer. For 
riboflavin estimation, 1 ml glacial acetic acid (Analar) and 0.5 ml 4% K M n 0 4 
solution were added to 10 ml of the acid extract. After 1 min, fluorescence was 
measured before and after the addition of 20 mg of Na 2 S 2 0 4 and riboflavin 
content calculated. Niacin was determined colorimetrically using sulfanilic 
acid and cyanogen bromide reagents. 
о 
о 
p e r f o r a t e d 
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F i g . 2. T h e a r b o r p r e s s a n d t h e t e x t u r e m e t e r . O n e e n d of t h e l e v e r is a t t a c h e d t o t h e 
t e x t u r e m e t e r a n d t h e o t h e r t o a p a n . R e d l igh t m o n i t o r s c o m p l e t e e x t r u s i o n of t h e t e s t 
m a t e r i a l 
2. Results 
2.1. Effect of irradiation on the cooking time of the legumes 
Reliability of the texturemeter, described in detail in "Materials and 
methods" to determine the extent of cooking, was demonstrated with several 
commonly consumed legumes. I t can be seen (Table 1) tha t pulses required 
different times for complete cooking in terms of softening. The legumes were 
arbitrarily categorized into two groups, depending upon the time required for 
their cooking. Split pulses belong to the first category requiring less than 30 
min and whole pulses to the second one which requires more than 30 min 
(Fig. 3). 
Radiation (1 Mrad) processing of pulses resulted in reduction of cooking 
time varying from 8 to 39% (Table 1), red gram showing the maximum reduc-
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T a b l e 1 
Cooking time of control and. radiation processed pulses 
T i m e r equ i r ed for c o m p l e t e cooking of pulses was d e t e r m i n e d as desc r ibed in 
t h e t e x t (para . 2.1.). T h e pe r c e n t r e d u c t i o n in c o o k i n g t ime, e f f e c t e d b y 
r a d i a t i o n (1 M r a d ) , w a s c a l c u l a t e d 
Pulse 
Cooking time (min) Per cent 
Control Irradiated reduction 
Split: 
Bengal g ram 30 25 16.6 
Red gram 26 16 38.5 
Field bean 28 25 10.0 
Black gram 22 20 9.0 
Lentil 7 5 28.0 
Whole dry: 
Peas 75 65 13.3 
Bengal g ram 60 55 8.3 
Red R a j m a h 55 45 18.2 
White R a j m a h 50 44 12.0 
Lentil 40 35 12.5 
Black gram 35 25 28.0 
• Red r a j m a h о—oWhi te r a j m a h • — • B l a c k g ram 
• — o B e n g a l g ram л—ALentil 
x — x Field bean • — • Red g r a m • — T P e a s 
60 
50 
I AO 
cn 
.E 30 
о 
о 
о 
Sp l i t p u l s e s 
A 
\ 
10 
A—A 
Whole p u l s e s 
В 
^ т • 
4 
4 •A—A- 
0 0.5 1 2 3 0 0.5 1 2 
I r r a d i a t i o n d o s e ( M r a d ) 
75 
с 
-65 E 
a> 
155 I 
/ с 0 1  4b с je 
О 
135 ° 
25 
15 
Vi 
F ig . 3. E f f e c t of i r r a d i a t i o n on the cook ing t i m e of pulses . Pu l se s (in 5-g lot) , i r r ad i a t ed 
a t d i f f e r e n t dose levels, w e r e cooked in 100 m l of boi l ing w a t e r and cook ing t i m e w a s 
d e t e r m i n e d as descr ibed in t h e t e x t ( p a r a . 2.1.). Pu l ses r e q u i r i n g less or m o r e t h a n 30 
m i n for cooking , are dep ic t ed in F igures A a n d B , respec t ive ly 
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tion. Though significant reduction in cooking time at higher doses (2 to 3 
Mrad) was observed with most of the legumes (Fig. 3), excessive browning 
and off-odours on cooking made them unacceptable. Subsequent studies were, 
therefore, restricted to the red gram samples irradiated only with 1 Mrad. 
A typical curve (Fig. 4A) obtained with red gram, unirradiated and ir-
radiated (1 Mrad), shows exponential relationship of cooking time with the 
softening of the pulse. The pulse was taken as cooked when the weights added 
to the pan were almost constant. The weights added varied from 22 kg for the 
control pulse cooked for 2 min to 2 kg for that cooked for 26 min. I t can be 
seen that irradiated samples took shorter time (16 min) than unirradiated 
ones (26 min). A straight line graph was obtained by plotting the values on a 
semilogarithmic paper (Fig. 4B). Texturemeter readings and their standard 
deviations are given in Table 2. I t was interesting to note that, for each interval 
of cooking time, the values for standard deviations were much less for the 
irradiated pulse compared to those for the control. 
T a b l e 2 
Texturemeter measurement of irradiated (1 Mrad) cooked red gram 
5-g l o t s o f r e d g r a m w e r e c o o k e d i n b o i l i n g w a t e r ( 1 0 0 ml ) f o r d i f f e r e n t p e r i o d s 
a n d t h e e x t e n t o f s o f t e n i n g w a s m e a s u r e d in e a c h c a s e u s i n g t h e t e x t u r e m e t e r . 
R e s u l t s a r e m e a n v a l u e s of 10 r e a d i n g s w i t h s t a n d a r d d e v i a t i o n s c a l c u l a t e d 
Texturemeter readings Standard deviation 
Cooking 
time (min) Control Irradiated (1 Mrad) Control 
Irradiated 
(1 Mrad) 
4 15.76 9 . 0 4 1 .83 0 . 1 6 
6 13.67 6 . 0 6 2 . 0 5 1.04 
8 10.24 4 . 8 8 2 . 2 2 0 . 1 6 
10 8.12 3 . 4 0 1 .26 0 . 1 5 
12 7.70 2 . 4 4 1 .51 0 . 1 2 
14 6 .14 1 .44 0 . 2 0 0 . 0 2 
16 4 .58 0 . 9 0 1 .10 0 .01 
Stress-strain curves obtained with Instron for irradiated (1 Mrad) red 
gram, cooked for 15 to 30 min, are shown in Fig. 5. The curve for unirradiated 
sample was not obtained even after cooking for 30 min, as the strain exceeded 
the stress. This was due to unavailability of suitable compression cells capable 
of producing higher stresses. The area under the curve was measured by plani-
meter and plotted against time. This is shown in Fig. 6. The shape of the curve 
closely resembled those obtained with texturemeter (Fig. 4). 
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A A C o n t r o l 
T i m e (min) 
F ig . 4. M e a s u r e m e n t of s o f t e n i n g of cooked red g r a m . R e d g r a m samples were cooked 
fo r d i f f e r e n t t ime in t e rva l s a n d t h e we igh t r equ i red for c o m p l e t e ex t rus ion t h r o u g h t h e 
p e r f o r a t e d disc of t he t e x t u r e m e t e r , was r eco rded . A shows t h e exponen t i a l a n d B, t h e 
loga r i thmic re la t ionsh ip of cook ing t ime w i t h t h e so f t en ing . E a c h po in t r e p r e s e n t s t h e 
m e a n v a l u e of t en i n d e p e n d e n t d e t e r m i n a t i o n s 
F ig . 5. S t ress - s t r a in c u r v e of i r r ad i a t ed a n d cooked red g r a m . This was o b t a i n e d in 
Instron, u s i n g compress ion cell (0 t o 100 kg) a t 100 ful l sca le loading . T h e e ross -head 
speed was 10 c m m i n - 1 a n d t h e cha r t speed 100 c m m i n - 1 
C o o k i n g t ime(min) 
F ig . 6. T e x t u r a l m e a s u r e m e n t of i r r ad i a t ed (1 Mrad) red g r a m . T h e work d o n e w a s cal-
cula ted f r o m t h e a rea of t h e s t ress -s t ra in c u r v e (Fig. 5) a n d p l o t t e d aga ins t cook ing t i m e 
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2.2. Hydration properties of red gram 
The rates of hydration of unirradiated and irradiated (1 Mrad) red gram 
samples on soaking (3 h) and on cooking (during 30 min) in water were com-
pared. These are shown in Figs. 7 A and 7B, respectively. Hydration rate of the 
irradiated sample was higher up to 1 h of soaking; no significant difference was 
observed thereafter. Water absorption capacity of the irradiated pulse was 
comparable during 5 10 min of cooking, after which this was about 10% 
less than in control samples. Prolonged cooking, for attaining desirable soft-
ness, resulted in rupture of unirradiated samples, while the irradiated ones 
remained intact. 
F i g . 7. E f f e c t of i r r ad ia t ion on h y d r a t i o n r a t e of r ed g r a m . R e d g r a m (5 g) s amp le s 
were soaked in 100 m l w a t e r a t 25 — 27 °C (A) o r cooked in boiling w a t e r (B). A t ind ica ted 
t imes , s amples were r e m o v e d , b l o t t e d a n d weighed q u i c k l y 
2.3. Effect of irradiation and cooking on vitamins В in red gram 
Results on the effects of gamma irradiation and cooking on the retention 
of some of the water-soluble vitamins in red gram are given in Table 3. Irradiat-
ed and control samples were cooked, respectively, for 16 and 25 min, the time 
required to obtain desirable softening (Fig. 4). I t can be seen that in the un-
cooked, irradiated (1 Mrad) sample, destruction of riboflavin was negligible, 
whereas thiamine and niacin showed about 7% loss. However, the vitamins 
were retained better in the samples irradiated and then cooked, compared to 
the corresponding control ones. 
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T a b l e 3 
Retention of vitamins В in red gram on cooking 
R e t e n t i o n of v i t a m i n s w a s c a l c u l a t e d o n 1 0 0 % d r y b a s i s in t h e c o n t r o l u n -
i r r a d i a t e d s a m p l e w h i c h a n a l y s e d t o 6 .2 r i b o f l a v i n , 4 .6 t h i a m i n e a n d 4 6 
n i a c i n pg g~l 
Treatment 
% retention 
Riboflavin Thiamine Niacin 
I r r a d i a t e d 
(1 Mrad , uncooked) 98.7 92.7 93.3 
Control (cooked) 88.0 76.1 83.3 
I r r a d i a t e d (cooked) 95.0 82.7 89.3 
3. Conclusions 
The present investigation was undertaken to study the changes in tex-
túrái qualities of pulses, with special reference to red gram, as affected by 
irradiation and cooking. The reliability of the texturemeter constructed in our 
laboratory was tested for the measurement of the extent of softening during 
cooking for several pulses. The close resemblance of the curves obtained with 
texturemeter (Fig. 4) and the Instron (Fig. 6) proves the sensitivity and efficacy 
of this appliance in measuring textúrái changes in spite of its simple design. 
I t has been successfully used for determining the textúrái qualities of irradiated 
canned green peas ( S H I R K H A N D E , 1 9 7 4 ) . The texture of the irradiated sample, 
as judged by its shear-press values (kg per g pulse) at any given time, was 
softer than the unirradiated one. One of the desirable attributes in legume 
is short cooking time. To achieve the same degree of softness on cooking, 
irradiated red gram took about 40% less time than unirradiated samples 
(Table 1 ) . B H A T I A et al. ( 1 9 6 7 ) have described a process, involving partial pre-
cooking with subsequent rehydration and proteolytic digestion, to reduce 
cooking time of red gram. This process also improves the solubility of red gram 
proteins ( T A R A et al., 1 9 7 2 ) . 
Another noteworthy point is the very low standard deviations in the 
texturemeter reading obtained with irradiated samples (Table 2). This re-
flects uniformity in the texture of the irradiated, cooked pulse samples, a 
desirable attribute in the development of a good quality product. The variation 
in the reduction of cooking time for different irradiated pulses (Table 1) in-
dicates their variable response to radiation processing. This may be due to 
compositional and structural differences of the pulses. However, in general, 
the pulses with intact seed coats took comparatively longer time for cooking, 
and this may he due to their poor permeability to water (CAVAZZA, 1 9 5 2 ) . 
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The initial increase in the hydration rate of the irradiated red gram up 
to one hour of soaking and up to 5 10 min of cooking, indicates the consti-
tutional changes in starch or proteins which facilitate hydration. I t has been 
shown that the hydrophilic property of starch isolated from irradiated peas 
( K R Y U K & M A R K E V I C H , 1 9 6 2 ) and rice ( T A K A O K A et al., 1 9 6 1 ) is altered. The 
decrease in the hydration rate of the irradiated pulse subjected to prolonged 
cooking correlates with the observed decrease in swelling power and increased 
solubility of the starch isolated from irradiated red gram (unpublished data). 
This is attributable to the depolymerisation of starch due to irradiation 
( W H I S T L E R & I N G L E , 1 9 6 7 ) . Longer cooking for attaining desirable softness, 
resulted in rupture of the unirradiated samples due to bursting of starch gran-
ules, whereas the irradiated samples remained intact. 
Radiation treatment, like most other conventional methods of food pre-
servation, such as canning, dehydration and thermal treatments, could cause 
destruction of vitamins ( R A I C A et al., 1 9 7 2 ) to varying degrees depending upon 
their radiosensitivity, radiation dose, environment during irradiation and 
post-irradiation storage conditions ( S R I N I V A S et at., 1 9 7 4 ) . Better retention of 
some of the vitamins В was observed in the samples irradiated and then cooked, 
compared to the corresponding control ones (Table 3). As prolonged heating is 
known to destroy vitamins B, the reduction in cooking time presumably 
accounts for the better retention of the vitamins in the radiation processed, 
cooked samples. 
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Dieser Band des Hand-
buchs, der wegen seines 
Umfangs in zwei Teile auf-
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Chemie und Technologie 
des Wassers und der Luft 
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Beim „Wasser" (1241 Sei-
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auf einem allgemeinen des-
kriptiven Teij (557 Seiten), 
in welchem Eigenschaften, 
Hydrologie, Biologie und 
Mikrobiologie, Erschlie-
ßung, Nutzung und Tech-
nologie des Wassers 
behandelt werden, wäh-
rend sich der zweite Teil 
mit der Untersuchung und 
Beurteilung des Wassers 
(671 Seiten) beschäftigt. 
Dieser Teil umfaßt die Ver-
fahren zur Untersuchung 
des Trink- und Betriebs-
wassers sowie der Mineral-
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auch Hinweise zur Unter-
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Die modernen physikali-
schen und chemischen 
Methoden werden hier 
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untersuchung und die 
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Seiten) werden in analoger 
Weise zunächst die Eigen-
schaften der Luft (77 Seiten) 
behandelt, wie Bestand-
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der Luft, radioaktive Stoffe 
sowie die Luft als Umwelt-
faktor, während der zweite 
Teil die Verfahren der Luft-
untersuchung (142 Seiten) 
umfaßt. Hier werden u. a. 
die meteorologischen 
Untersuchungen und die 
Analyse der Luftbestand-
teile und -Verunreinigun-
gen einschließlich der 
corpusculären Verunrei-
nigungen und der belebten 
Luftbestandteile abge-
handelt. 
Sowohl dem Abschnitt 
„Wasser" als auch dem 
Abschnitt „Luft" sind im 
Anschluß an den wissen-
schaftlich-technischen Text 
Kapitel über die einschlä-
gigen gesetzlichen Vor-
schriften angefügt . 
Dank der Mitarbeit führen-
der Fachleute aus Praxis 
und Wissenschaft ist hier 
ein Standardwerk entstan-
den, das als die erste ge-
schlossene Darstellung 
der Gebiete „Wasser" und 
„Luft" aus neuerer Zeit zu 
gelten hat. Über den Kreis 
der Lebensmittelchemiker 
hinaus wendet sich dieser 
Handbuchband an alle 
Kreise der Wirtschaft (In-
dustrie) und Wissenschaft, 
die in irgendwelcher Weise 
mit Wasser und Luft zu tun 
haben; er dient als Leit-
faden für den Praktiker wie 
für den Wissenschaftler 
sowie für alle Behörden, 
die für die Vermeidung von 
Zivilisationsschäden ver-
antwortlich sind. 
• Bitte Prospekt 
anfordern! 
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T h e z e a t i n c o n t e n t of t h e f r u i t l e t a n d o f t h e g r e e n f r u i t w a s s i g n i f i c a n t l y 
( P ) > 9 5 % ) h i g h e r t h a n t h a t of t h e r i p e f r u i t . T h e o t h e r s a m p l e s d i d n o t d i f f e r s ig-
n i f i c a n t l y . 
T h e p i n k a n d r e d t o m a t o f r u i t s s h o w e d a s l i g h t loss o f t h e i r z e a t i n c o n t e n t 
d u r i n g s t o r a g e . D e t e r m i n a t i o n w a s c a r r i e d o u t o n t h e 9 t h d a y o f s t o r a g e . 
T h e z e a t in c o n t e n t o f p i n k t o m a t o e s i n c r e a s e d i m m e d i a t e l y u p o n i r r a d i a t i o n 
w i t h 4 k r a d . T h e d i f f e r e n c e w a s f o u n d t o b e s i g n i f i c a n t (a t t h e p r o b a b i l i t y l eve l o f 
P = 9 5 % ) . T h e z e a t i n c o n t e n t o f r a d i a t i o n t r e a t e d a n d u n t r e a t e d t o m a t o e s 
d e c r e a s e d d u r i n g t h e 9 - d a y s t o r a g e t i m e . O n t h e 9 t h d a y t h e z e a t in c o n t e n t o f t h e 
i r r a d i a t e d t o m a t o e s w a s 2 0 % h i g h e r t h a n t h a t o f t h e u n t r e a t e d o n e s . 
The results of various experiments ( M A R T I N et al., 1 9 5 4 ; L E T H A M , 1 9 6 1 ; 
G E R T M A N & F U C H S , 1 9 7 2 ; T H O M A S & I S E N B E R G , 1 9 7 2 ; P I E R I K & A B B A D I , 1 9 7 2 ) 
seem to prove the assumption that the ripening and aging of fruit is determined 
by the interplay of various hormone groups, such as auxins, gibberellins and 
cytokinins. 
Probably cytokinins play a decisive role in the regulation and inhibition 
of aging. 
The most active and the first to be isolated of these purine derivatives 
was zeatin ( L E T H A M , 1 9 6 6 ; L E T H A M & W I L L I A M S , 1 9 6 9 ) . 
The literature contains only a few studies which follow up the cvtokiniu 
concentration of fruits during their development , ripening and aging. 
The aim of this study was to determine the zeatin content of some horti-
cultural produce, radiation treated and untreated, during ripening and aging. 
A more thorough knowledge of the biology of these horticultural products, 
the search for regularities enabling the researcher to establish the degree of 
ripeness in an objective way, was aimed at. 
1. Materials and methods 
1.1. Raw material 
The San Marzano tomato variety was used in the experiments. The 
material was obtained from the Tordas Experimental Station of the N A T I O N A L 
I N S T I T U T E FOR V A R I E T Y T E S T I N G (Hungary). 
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Degree of ripeness: Fruitlet (13 mm diameter), 
green stage, 
pink stage, 
red stage. 
Date of picking: Fruitlet, Ju ly 17; 
green: July 23; 
pink and red: July 30. 
1.2. Storage 
The pink and red tomatoes were stored at room temperature (20- 30 °C, 
40—50% RH). 
1.3. Radiation treatment 
Tomatoes in the pink stage of ripening were irradiated at the irradiation 
plant of the CENTRAL F O O D R E S E A R C H I N S T I T U T E (Budapest) in the radiation 
source of 60 kCi fi(lCo activity. The radiation dose applied was 4 krad at a dose 
rate of 90 krad h - 1 . 
1.4. Extraction 
The cvtokinins were extracted hv the method described by L E T H A M and 
W I L L I A M S ( 1 9 6 9 ) . The raw material was homogenized in ethyl alcohol three 
times the quantity of the sample. The homogenate was kept in the refrig-
erator overnight, then filtered. The fil trate was evaporated under vacuum 
(at 30 °C) and set at p H 3.0. The concentrate was shaken with a fourfold 
volume of ether. The ether phase, being cytokinin inactive, was not used. 
The aqueous phase was set at pH 6.5 and shaken with a fourfold volume of 
w-butanol saturated with water. The butanol phase was evaporated under 
vacuum (at 30 CC) and then applied to the thin-layer for chromatography. 
1.5. Chromatography 
A Kieselgel F,54 layer (0.25 mm) was used for chromatography. The 
upper phase of an n-butanol - formic acid water mixture of 10 : 4 : 5 was used 
to develop the chromatogram, according to L E T H A M and W I L L I A M S (1969). 
The zeatin content was expressed as zeatin mg k g - 1 raw material. 100 /Д 
of a standard zeatin (CALBIOCHEM) solution (10 mg/25 ml 0.1 AT NaOH) and 
20 /Л of the kinetin (CALBIOCHEM) solution (60 mg/25 ml 0.1 N NaOH) were 
applied to the thin-layer. 
Of the samples 300, 500 and 900 pi, resp. were applied. 
The chromatograms were photographed in UV light (254 nm) and the 
photos were evaluated in a Chromoscan Thin Layer Attachment ( J O Y C E & 
L O E B L ) densitometer. 
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2. Results 
2.1. Zeatin concentration as a f unction of the degree of ripeness 
Zeatin was shown to be present in green San Marzano tomato samples 
( F i g - 1). 
J
 r , , , r START LINE 
900 pi 500 pi 300 pl ^ KINETIN ZEATIN 
(SAMPLE) 
F ig . 1. Zea t in c o n t e n t of t h e b u t a n o l e x t r a c t g a i n e d f r o m green t o m a t o e s , d e t e r m i n e d b y 
t h i n - l a y e r c h r o m a t o g r a p h y . T h i n - l a y e r : Kieselgel F.,54. So lven t : n - b u t a n o l — f o r m i c ac id— 
w a t e r (10 : 4 : 5, u p p e r phase) . Zea t in 1 10 /<], k ine t i n 20 /d s amp le s 300, 500 a n d 900 /А, 
resp . 
The zeatin content of tomatoes decreased with the advancement of 
ripening. The highest level was found in tomatoes in the initial stage of develop-
ment and the lowest in red tomatoes (Fig. 2). 
I t is evident that 
- the difference in the zeatin contents of the tomatoes in the initial 
stage of development and of red tomatoes was significant at the 95% proba-
bility level; 
- the differences in the zeatin contents of the green and red tomatoes 
were also significant at the 95% probability level. 
2.2. Zeatin content as a f unction of storage time 
It was established in earlier experiments (KOVÁCS & VAS, 1 9 6 9 ) tha t 
tomatoes in the pink or red stage of ripeness are suitable for storage. Therefore 
in these experiments we used tomatoes in these two stages of ripeness for the 
storage experiments. The samples were stored at room temperature [29—23 °C, 
40—50% relative humidity (RH)] for 9 days. Storage was terminated when 
the pink tomatoes turned red and this happened on the 9th day. 
The zeatin content of pink and red tomatoes as a function of storage time 
is illustrated in Fig. 3. 
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F ig . 2. Zea t in c o n t e n t of t o m a t o e s as a f u n c t i o n of r ipeness . Ver t i ca l lines s t a n d for 
s t a n d a r d d e v i a t i o n 
t values 
green pink red 
frui t let 0.995 2.101 3.364** 
green 1.148 2.501* 
pink 1.566 
* difference significant (P > 95%) 
** difference highly significant (P J: 99%) 
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F ig . 3. Zea t in cont en t of t o m a t o e s as a f u n c t i o n of s to rage t i m e (a t 20—23 °C a n d 4 0 — 5 0 % 
R H ) . Ver t i ca l ba r s s t a n d for t h e s t a n d a r d dev ia t ion 
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As seen, a slight decrease occurred in the zeatin content during storage. 
The difference, however, was not significant. Presumably after longer storage 
times the differences would have been greater. 
2.3. The zeatin content as a function of radiation treatment 
The storage life of pink and red tomatoes may be extended by irradiation 
(KOVÁCS & VAS, 1 9 6 9 ) . 
30-
25 
7_ 20 
- 15 
< 
ш 
N 10 
0 4 0 4 RADIATION DOSE (krad) 
0 9 STORAGE TIME (DAYS) 
N = 5 5 6 6 
F i g . 4. Zea t in c o n t e n t of p i n k t o m a t o e s a s a f f ec t ed b y r a d i a t i o n t r e a t m e n t . T r e a t m e n t : 
r a d i a t i o n dose : 4 k r a d ; «lose r a t e : 90 k r a d • h - 1 ; s to rage cond i t i ons : 20—23 °C, 4 0 — 5 0 % 
R H . * Di f fe r ing s i g n i f i c a n t l y ( P < 0.05) f r o m t h e u n t r e a t e d sample 
The extension of storage life achieved by treatment with low doses is due 
probably to changes in the activity of hormone systems. Similarly the growtli 
of plants may he stimulated by irradiation with low doses. 
On the basis of the above experiences, a 4 krad dose and tomatoes in the 
pink stage of ripeness were chosen. 
The zeatin content of freshly picked pink tomatoes increases immediately 
upon treatment. The difference is significant at the 95% probability level 
(Fig. 4). 
After 9 days storage the zeatin content of both irradiated and untreated 
tomato samples decreased. The extent of reduction was not significant. The 
zeatin content of the untreated sample was reduced hv 5%, that of the irra-
diated tomatoes by about 15% during 9 days. 
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3. Conclusions 
Cytokinins are mostly determined by biological tests. The result of 
quantitative evaluation is expressed in zeatin or kinetin equivalent. 
In earlier studies we, too, applied biological tests ( K O V Á C S , 1 9 7 2 ) . Exper-
iments carried out then showed the cytokinin content of tomatoes to decrease 
with the advancement of ripening. 
The results obtained in the present experiments by thin-layer chroma-
tography support the earlier results. 
The experiments carried out so far were of preliminary character. In 
further experiments we wish to identify zeatin by the use of different solvent 
mixtures in chromatographic analysis and to evaluate the chromatograms by 
biological tests. 
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DEGRADATION OF LEAF PROTEIN CONCENTRATES 
BY PEPSIN AND TRYPSIN 
H . B O L D I Z S Á R , P . R I B I C Z E Y - S Z A B Ó a n d M . K O Z M A 
( R e c e i v e d D e c e m b e r 21, 1973) 
In vitro d i g e s t i o n t e s t s w e r e c a r r i e d o u t w i t h l ea f p r o t e i n c o n c e n t r a t e s p r e -
p a r e d in H u n g a r y . E x t r a c t s o f S u d a n g r a s s , l e a f y s u g a r b e e t - t o p a n d l u c e r n e a s 
we l l a s Hammarsten c a s e i n , a p p l i e d a s a c o n t r o l , w e r e s u b j e c t e d t o p e p s i n a n d 
s u b s e q u e n t l y t o t r y p s i n d i g e s t i o n . T h e a m i n o a c i d c o m p o s i t i o n a n d t h e q u a n t i t y 
o f f r e e a m i n o a c i d s , l i b e r a t e d b y e n z y m e s i n t h e t w o - s t e p d e g r a d a t i o n o f t h e 
s a m p l e s w i t h a t o t a l N c o n t e n t e q u a l t o t h a t of g o o d - q u a l i t y l e g u m e s , w a s de -
t e r m i n e d . T h e p r o t e i n N / n o n - p r o t e i n N r a t i o in t h e l ea f p r o t e i n s a m p l e s w a s f o u n d 
v e r y f a v o u r a b l e , wh i l e t h e e s s e n t i a l / n o n - e s s e n t i a l a m i n o a c i d r a t i o w a s s a t i s -
f a c t o r y . T h e e f f i c a c y of e n z y m a t i c d e g r a d a t i o n o f t h e l e a f p r o t e i n s a m p l e s w a s , in 
g e n e r a l , e q u a l t o t h a t of c a s e i n a s m e a s u r e d b y t h e t o t a l a m o u n t of f r e e a m i n o 
a c i d s a n d p e p t i d e s l i b e r a t e d b y p e p s i n a n d t r y p s i n d i g e s t i o n . T h e a m i n o a c i d 
c o m p o s i t i o n o f t h e c o n c e n t r a t e s w a s c o m p a r e d t o t h e a m i n o a c i d r e q u i r e m e n t of 
y o u n g p i g s a n d t h e c o m p l e m e n t a t i o n of t h e c o n c e n t r a t e s w i t h m e t h i o n i n e w a s 
p r o p o s e d . S e v e r a l m e t h o d s o f i n f o r m a t i v e c h a r a c t e r a r e k n o w n t o s t u d y t h e 
d i g e s t i b i l i t y o f l ea f p r o t e i n c o n c e n t r a t e s . T h e C h e m i c a l S c o r e , E A A a n d t h e 
" e n z y m e d i g e s t i o n i n d e x " o f t h e i n d i v i d u a l p r o d u c t s w e r e d e t e r m i n e d b y t h e 
m e t h o d s d e s c r i b e d in t h i s p a p e r . In c o m p u t i n g t h e i n d e x v a l u e s c a s e i n w a s u s e d 
a s r e f e r e n c e m a t e r i a l . I t w a s f o u n d t h a t a s c o m p a r e d t o d a t a g i v e n in t h e l i t e r a t u r e , 
t h e " e n z y m a t i c d i g e s t i o n i n d e x " m a y b e c o n s i d e r e d s a t i s f a c t o r y a m i is s u i t a b l e t o 
e s t a b l i s h t h e b i o l o g i c a l v a l u e e x p e c t e d of t h e p r o t e i n b a s e . 
The increasing protein deficiency encourages researchers to seek for new-
sources of protein. In recent years the interest in the so-called leaf proteins 
increased ( S T A H M A N N , 1 9 6 7 ; P I R I E , 1 9 6 9 ) . Efforts to produce leaf protein in 
Hungary have been strongly supported by the S T A T E O F F I C E OF T E C H N I C A L 
D E V E L O P M E N T (OMFB) since 1 9 6 5 . Related literature lias been largely reviewed 
in the latest publication of the Protein Program Bureau of the OMFB ( K R A L O -
V Á N S Z K Y - B Ó C S A & B u G L O S , 1 9 7 2 ) . 
The direct application in nutrition of the green parts of plants was 
hindered mainly by their high fibre and moisture contents and low protein 
content. However, appropriate extraction methods permit of producing 
protein concentrates free of fibres and moisture. In organisms of monogastric 
digestive system, the feeding of protein concentrates above a certain level is 
accompanied by disturbing moments: disagreeable odour and flavour and un-
favourable digestibility and, with the lucerne, the saponin content. By the 
application of proper technology, these negative characteristics may be re-
duced to the minimum. On the side of the application of leaf proteins stands 
the fact that the amino acid composition of concentrates, known from the 
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literature, is adequate and in certain cases almost equivalent to animal protein. 
The biological value of the protein extracts gained from green plants depends, 
among many other factors, mainly on the enzymatic degradation in the 
digestive system, and is not known sufficiently yet. 
The methods for the assessment of the biological value based on the 
amino acid composition of the protein, such as the Chemical Score, suggested 
by M I T C H E L L and B L O C K ( 1 9 4 6 ) and the Essential Amino Acid Index, as 
suggested by O S E R ( 1 9 5 9 ) compare the values obtained upon acid hydrolysis 
with the amino acid composition of a reference protein. These methods do not 
take into consideration the processes taking place in the body, the digestion 
characteristics of the animal, the digestibility and susceptibility to enzymatic 
degradation of the feed, the losses upon preparation, the availability of lysine, 
etc. In order to establish the biological value of a feed, animal feeding trials are 
necessary. These methods are, however, rather time-consuming. Therefore, in 
vitro methods are to lie found which are relatively rapid, yet take into account 
the most important biological factors, first of all enzymatic procedures, taking 
place in the digestive system. 
In Hungary the production of leaf protein concentrates has been going on 
for several years, while biological studies connected with their application were 
initiated only lately. I t seems advisable to extend research to the enzymatic 
digestibility and biological value of the concentrates. 
In conformity with the above, the products of pepsin, pepsin-trypsin 
digestion and the amino acid composition of the hydrolysate of four Hungarian-
made leaf protein concentrates were investigated. 
1. Materials and methods 
1.1. Materials 
The four powdered leaf protein concentrates used in the experiments 
were as follows: Sudan grass extract, marked A-60-2; leafy sugarbeet-top 
extract, marked AM-20; two lucerne extracts marked A-50-2 and A-509-232. 
Hammarsten casein was used as reference protein. The samples were prepared 
as experimental products and put at the authors' disposal by the Protein 
Program Bureau of OMFB. The crude protein contents of the concentrates are 
given in Table 1. 
1.2. Measurement of in vitro enzymatic digestibility and determination of amino 
acids 
The total N content of the powdered samples was determined by KjeldahVs 
method. The amino acid composition was assessed after a 20-hour hydrolysis 
in 6 N HCl. 
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Enzymatic degradation was carried out in the following two steps: 
400 mg powdered leaf protein was digested duiing 24 hours at 38 °C 
with 5 mg pepsin ( S I G M A , 2 7 0 0 U mg - 1 ) in 5 0 ml HCl set at pH 1 . 8 . The 
enzymatic degradation was interrupted in a 25-ml portion of the sample by 
placing it for 10 min in a boiling water bath. After centrifuging, the amino 
acids formed during the pepsin digestion were determined from the super-
natant. 
Another 25 ml of the sample were neutralized with 0.2 N NaOH. The p H 
value was adjusted to 7.6 with 0.1 N Na2HP()4- KH 2 P0 4 buffer solution. The 
sample was made up to 50 ml and for further digestion 10 mg trypsin were 
added ( M E R C K , 2 . 0 U mg - 1 ) and kept at 3 8 ° C for 2 4 hours. During digestion 
witli pepsin and trypsin toluol was added to the samples to prevent microbial 
activity. Finally the sample was brought to a boil and kept for 10 min in a 
boiling water bath to denature protein. The samples were then centrifuged and 
the supernatant tested for residual protein with trichloro-acetic acid. The 
amino acids were determined in the supernatant. 
In order to assess the peptide content formed during enzymatic degra-
dation an aliquot of the supernatant was hydrolvzed with hydrochloric acid 
and the amino acids thus obtained were determined. 
For the sake of comparison the total N content of tlie supernatant was 
also determined. 
The amino acids were analyzed with Biochrcm automatic amino acid 
analyzer. The two-column technique was used and an amount corresponding 
to an expected value of 0.5 //mole was applied to the column. Taurin was 
used as internal standard. With threonine, serine, cystine and tyrosine, a cor-
rection was applied to account for degradation. 
The tables contain the amino acids in the sequence of their elution. The 
values for glutamine and glutamic acid on one hand and asparagine and aspartic 
acid on the other are given jointly. 
2. Results 
The amino acid composition of the leaf protein concentrates tested, of 
their pepsin and iiepsin—trypsin hydrolysates and the amount of amino acids 
as determined in the hydrochloric acid hydrolysate of the supernatant are 
shown in Table 1. The same table contains the total N values for the con-
centrates and for the supernatant of enzymatic degradation. In the first two 
columns the analytical data of casein are given, first the official data determin-
ed by the National Research Council & National Academy of Sciences 
( C O M M I T T E E O N A N I M A L N U T R I T I O N , 1 9 6 8 ) and subsequently those obtained 
in the present study. 
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T a b l e 1 
Amino acid composition of leaf protein 
( m g a m i n o a c i 
Protein prepara- Caseii (Hammarsten ) Sudan trr tss A-60-2 
tion tested 
Amino acid 
protein 
as stated ' ! , s t l e t e r " 
bv \ R C ° niined ni 
this lab. 
pepsin 
pepsin 
trypsin 
pepsin 
trypsin* 
sample* pepsin 
pepsin 
trypsin 
pepsin 
trypsin* 
Aspar t ic acid 6.6 7 .8 0 .08 0 . 0 9 3.64 3 .69 0 . 1 4 0 .24 1.09 
Threon ine 4.2 5 . 5 0 . 0 3 0 . 1 5 2.12 1 .65 0 .12 0 .05 0 . 2 8 
Serine 6.4 6.1 0 . 1 1 3.27 1.70 0 .01 0 . 0 5 0 . 3 1 
Prol ine 12.7 10 .9 - 4.90 1 .28 0 .12 0 .29 0 . 3 6 
Glu tamic ac id 23.7 18 .5 0 .03 0 . 1 7 3.40 5 . 7 5 0 . 9 2 0 .12 0 . 7 8 
Glycine 1.7 1.6 0.04 0 . 1 3 0 .93 1.84 0 . 0 8 0 .57 0 . 5 9 
Alanine 3.2 3.1 0 .02 — 1.34 2 . 0 4 0 .37 0 .68 0 . 5 9 
Valine 7.5 7.1 0 .12 0 . 2 0 2.84 1 .76 0 . 1 0 0.71 0.5G 
Cyst ine 0 .3 0 . 0 3 - — 0.19 0 .27 — 0.76 0 . 5 0 
Methionine 3.0 1.8 — 0 . 5 8 1.09 0 . 2 3 0 .08 0 .24 
Iso-leueine 6 .3 3 .8 
-
0 . 4 5 3.26 2 . 8 0 0 .10 0 .71 2 .81 
Leucine 9 .5 3 .3 0 .36 0 . 4 5 3.26 2 . 5 9 0 . 3 3 0 .54 0 . 7 5 
Tyros ine 5.2 5 .6 0 .16 0 . 4 9 2.47 1 .39 0 .08 0 .77 1.50 
P h e n y l a l a n i n e 5.1 5 .2 0 .23 0 . 5 7 2.00 1 .80 0 .08 0 / ' 6 1 .88 
Lysine 7.7 6 .3 0 .06 3 . 1 5 4.90 3 . 0 0 0 .14 0 .09 0 .71 
His t id ine 2.8 2 .5 0 23 0 . 2 1 1.43 0 . 6 5 0 .01 0 . 1 5 
Arginine 3.8 3 .5 
-
0 . 2 7 1.47 2 .17 0 .01 
— 
0 .12 
T o t a l 
Crude p ro t e in (X- li.25) 
109.7 92 .6 
8 7 . 5 
1.36 7 . 0 2 42.5 34 .61 
35 .8 
2 .68 6 .48 12.92 
16.96 
* Va lues ob t a ined by hyd ro ly s i s wi th О Л' H C l 
2.1. Protein and amino arid contents of the samples 
The total N and the crude protein (N-6.25) content were on an equal 
level to tha t of legumes of good quality, in the Sudan grass sample A-60-2: 
5.72 g N per 100 g solids, in the lucerne sample A-509-232: ß.46 g N per 100 g 
solids and in the leafy sugarbeet-top marked AM-20: 4.58 g N per 100 g solids. 
While the protein value of the conventional protein sources is adequately 
characterized by the total N content, a substantial proportion (sometimes 
50%) of the total N content of leaf proteins, as reported in the literature, is 
non-protein N . A R C K O L L ( 1 9 7 1 ) , A L L I S O N and C H U A ( 1 9 7 0 ) have demonstrated 
this in grasses, A L L I S O N and C H U A ( 1 9 7 0 ) for lucerne. In view of the above the 
amino acid composition of the leaf protein extracts af ter hydrolysis was also 
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concentrates and their enzymatic hydrolysates 
p e r 100 m g sol ids) 
Lucerne A-50-2 Leafy beet-top AM-20 jucerne A-509-232 
sample* pepsin 
pepsin 
+ 
trypsin 
pepsin 
trypsin* 
sample* pepsin 
pepsin 
trypsin 
pepsin 
trypsin* 
sample* pepsin 
pepsin 
+ 
trypsin 
pepsin 
trypsin* 
3.72 0.20 0.38 1.69 1.98 0.17 0.54 1.19 0.55 0.30 0.23 1.22 
1.65 0.14 0.23 0.69 0.92 0.56 0.09 1.12 2.07 0.51 0.10 0.51 
1.51 0.69 0.13 0.59 0.94 0.15 0.04 0.59 2.04 — 0.07 0.44 
1.34 0.06 0.15 0.48 0.69 0.02 0.05 0.31 2.50 0.21 0.15 0.53 
5.77 1.41 0.88 2.07 3.18 
-
0.31 1.59 4.71 0.45 0.40 1.31 
1.65 0.04 0.38 0.61 0.95 0.04 0.09 0.68 1.49 0.05 0.12 0.47 
1.85 0.35 0.48 0.87 1.33 0.37 0.21 0.53 2.57 0.31 0.27 0.53 
3.94 0.09 0.44 0.98 1.11 0.05 0.29 0.68 2.35 0.10 0.36 0.49 
(1.29 0.04 0.03 0.25 0.03 — 0.30 0.02 0.18 — 
0.28 0.07 0.34 0.12 0.30 0.07 0.18 — 0.85 0.01 0.08 — 
3.20 0.10 0.54 1.43 0.01 0.04 0.35 0.78 1.85 0.12 0.36 0.59 
0 .95 0.001 1.01 1.71 0.75 0.11 0.62 0.56 3.51 0.29 0.71 0.42 
0 .48 0.09 0.50 0.28 0.51 0.12 0.48 0.41 2.68 0.13 0.45 0.39 
1.20 0.07 0.45 0.40 0.75 0.08 0.43 0.53 2.42 0.19 0.45 0.48 
2.15 0.06 0.36 0.57 1.72 0.02 0.57 0.89 2.75 0.03 0.97 1.03 
0.35 0.15 — 0.06 0.55 0.01 0.06 0.04 0.80 « — 0.25 
1.35 
-
-
0.17 1.13 0.28 
-
0.34 0.60 
-
-
0.55 
31.68 3.52 6.31 12.75 18.07 2.09 4.34 10.24 34.04 2.72 4.90 9.21 
35.7 10.4 28.6 12.6 40.4 12.6 
E n z y m a t i c h y d r o l y s i s : w i t h p e p s i n (SIGMA = 2 700 U n i g - 1 ; p H = 1 .8 ; 24 h o u r s ; t — 
= 3 8 ° ) ; w i t h p e p s i n a n d t r y p s i n (MERCK = 2.0 U m g - 1 ; p H 7.0; I = 38 °C; 24 h o u r s ) . 
A m i n o acid analysis : Biochrom a u t o m a t i c ana lyze r , app l i ed t o co lumns A m i n e x - A 5 a n d Aminex-
A6. C r u d e prote in d e t e r m i n e d b y Kjeldald's m e t h o d (N • 6.25). 
determined. In the Hungarian samples the protein/non-protein ratio was very 
favourable. The total amino acid content determined formed 06.7, 88.7, 63.2 
and 84.2% of the crude protein content of Sudan grass, the 2 lucerne extracts 
and the leafy sugarbeet-top, respectively. In some cases the amino-N values as 
determined in the experiments and shown in Tables 1 and 2 are by about 
10- 12% higher than the true values. This phenomenon may be explained by 
the fact that the amino acids, depending on their molecular weight, absorb 
water in amounts corresponding to about 9.0 19.3%of their molecular weight. 
The total amino acid of casein as determined after hydrolysis amounts to 92.6 g 
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per 100 g solids. After subtracting the water absorbed during hydrolysis the 
amino-N value of 82.8% is obtained. 
The essential/non-essential amino acid ratio in the extracts was satisfac-
tory. In the Sudan grass the essential amino acid content constituted 48.1 %, in 
the lucerne sample A-50-2 46.6%, in the A-509-232 lucerne 50.5% and in the 
leafy beet-top 45.5% of the total amino acid content. (The tryptophane 
content was not taken into account.) 
2.2. Enzymatic degradation 
The degradation efficiency of pepsin (considering the sum of the amino 
acids as 100%) was rather low, between 7.74 and 11.6%. In the samples 
treated by trypsin subsequent to degradation by pepsin, the free amino acids 
formed 14.4— 24.1% of the total amino acid content (Table 2). 
T a b l e 2 
Free amino acid content of leaf protein concentrates 
expressed as percentage of the amino acid content of the concentrate 
Total amino acid 
content* 
Hydrolysates obtained with 
Sample tested 
pepsin pepsin -}-
trypsin 
pepsin + 
trypsin® 
Casein 100 1.47 7.58 45.90 
Sudan g ra s s A-60-2 100 7.74 18.71 37.30 
Lucerne A-50-2 100 11.10 19.90 40.20 
L e a f y b e e t - t o p AM-20 100 11.60 24.10 56.70 
Luce rne A-509-232 100 7.99 14.40 26.81 
* Value o b t a i n e d b y hydro lys i s w i th 6 N HCl 
The free amino acid content obtained upon enzymatic degradation was 
low, but in the chromatograms some unidentifiable peaks appeared. Without 
pept idases the enzymatic degradation of proteins is not complete, therefore it 
is obvious that a part of the amino-N is present in the supernatant or in the 
digest as peptide. By the acidic hydrolysis of the supernatant a further amount 
of amino acids was liberated and the values thus obtained were between 26.8% 
and 56.7%. The supernatant contained also non-amino-N. 
2.3. Amino acid composition of the concentrates in view of the requirements of 
young pigs 
The amino acid composition of the concentrates, as found upon hydro-
chloric acid hydrolysis, was compared to the requirements of the young pig 
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[for pigs of 2 0 — 3 5 kg body weight, in case of a diet containing 14% protein 
and 3 3 0 0 kcal k g - 1 metabolizable energy, as recommended by the C O M M I T T E E 
O N A N I M A L N U T R I T I O N ( 1 9 6 8 ) ] . Data are shown in Table 3 . 
T a b l e 3 
Comparison of the essential amino acid requirement of young pig 
with the amino acid content of leaf protein concentrates 
Amino acid 
Require-
ment 
Sudan grass 
A-60-2 Lucerne A-50-2 
Leafy beet-top 
АМ-20 
Lucerne 
A-509-232 
amino 
acid % 
in the 
protein 
amino 
acid % 
in the 
protein 
content amino 
acid % 
in the 
protein 
content amino 
acid % 
in tile 
protein 
content amino 
acid % 
in the 
protein 
content 
require-
ment, 
О/ 
require-
ment, 
о/ 
require-
ment, 
% 
require-
ment, 
о/ 
T h r e o n i n e 3 .2 4 .8 150 3.2 160 5.1 160 6 .3 2 0 0 
V a l i n e 3 .6 5.1 140 12.3 340 6.1 170 6 .9 180 
M e t h i o n i n e 3 .6 0.7 2 0 0 .9 25 1.7 47 2.6 72 
I s o - l e u c i n e 3 .6 8 .1 2 2 0 10.1 280 5 . 6 150 5 .6 150 
L e u c i n e 4 . 3 7.5 170 3.0 70 4 . 2 98 10.6 2 5 0 
P h e n y l a l a n i n e 3 .6 5.2 150 3 .8 110 4 . 1 110 7 .3 2 0 0 
L y s i n e 5 .0 8.7 170 6 .8 130 9 . 5 190 8 .3 170 
H i s t i d i n e 1.3 1.9 150 1.1 80 3 .0 230 2 .4 180 
A r g i n i n e 1.4 6 .3 4 5 0 4 . 3 300 6 . 3 450 1.8 130 
As seen, the concentrates need to he complemented with methionine. 
The necessary complementation in the case of Sudan grass amounts to 1 %, for 
lucerne A-50-2 0.8%, for leafy beet-top and lucerne A-509 0.35%. When thus 
supplemented, the Sudan grass and the lucerne A-509 extracts meet to 150% 
the essential amino acid requirement of the young pig. Two further amino 
acid components of the leafy beet-top, leucine and phenylalanine, are available 
in adequate amount. In lucerne A-50-2 beside methionine, leucine and histidine 
are of limiting character. 
2.4. Biological value of leaf protein extracts 
Several in vitro methods are known for the evaluation of the biological 
value of nutrients. The Chemical Score as calculated on the basis of the essential 
amino acid composition of the sample tested and the Essential Amino Acid 
Index according to O S E R (1959) show some correlation with the biological value 
as established in rat experiments, however, the first method produces an un-
favourable result, while the second one overestimates the protein. Only that 
part of the potential amino acid composition of the nutrient is utilizable 
which is liberated by the proteolytic enzymes of the digestive tract. The amino 
Acta Alimentaria 4, 1975 
2 2 4 BOLDIZSÁR et al.: IN VITRO DIGESTIBILITY OF LEAF PROTEIN CONCENTRATES 
acids formed upon digestion and those present in peptide chains are taken into 
account in the PPD index as recommended by A K E S O N and S T A H M A N N (1964). 
I t was proven in many experiments by the authors that the relative digestibility 
value of the sample to be tested, related to a reference protein, that is the 
"calculated biological value" correlates closely with the biological value as 
measured in animal tests. A similar value, the "enzymatic digestion index", 
was computed from the analytical data of the samples. Although the methodol-
ogy applied in this study differed somewhat from the analytical method of 
A K E S O N and S T A H M A N N (1964) in that a longer digestion period and instead 
of white of egg casein was used as the standard, the train of thoughts followed 
and the corresponding mathematical model was similar to the internationally 
accepted P P D index. Table 4 gives the values calculated from the amino acid 
composition of the leaf protein concentrates tested. 
T a b l e 4 
Evaluation of leaf concentrates based on the Chemical Score, 
Oser's ЕАЛ Index and the "enzymatic digestion index" 
Protein preparation tested 
Protein extract Enzymatic digest 
Chemical 
score 
Oser's 
EAA index 
Enzymatic 
digestion index 
Casein 54 91.3 79.0 
S u d a n g r a s s A-60-2 20 83.6 55.7 
L u c e r n e A-50-2 25 80.4 70.5 
L e a f y b e e t - t o p AM-20 47 91.7 65.1 
L u c e r n e A-509-232 72 96.4 65.1 
The Chemical Score values are low, due to the lack in tlie first limiting 
amino acid, methionine. However, it was reported in the literature ( M I T C H E L L , 
1962) that the complete deficiency of one essential amino acid does not render 
the protein of the nutrient unutilizable in tissue metabolism. Deficiency in an 
amino acid may be replaced by an amount originating from tissue catabolism. 
The Essential Amino Acid Index proved to he rather high in the case of the 
leaf proteins tested. The "enzymatic digestion index" of the Hungarian protein 
concentrates, using casein as reference protein, was found to he between 55.7 
and 70.5. Taking into account the biological value of casein known from the 
literature, the relative protein indices may lie considered satisfactory. Thus it 
may be that , complemented as needed, the leaf protein concentrate s, in accor-
dance with the expectations, will he suitable to improve the protein basis. 
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3. Conclusions 
The protein content of the examined concentrates produced in Hungary 
was satisfactory. Unless their use was not hindered by other circumstances, 
they might supply an important part of the protein required in feeding pigs. 
A considerable proportion of the total-N present in the samples is formed 
by amino-N. 
G E R L O F F and co-workers ( 1 9 6 5 ) have shown that the essential amino 
acid content of protein concentrates reaches the corresponding values of the 
corn variety Opaque-2 and of soy-beans. B Y E R S ( 1 9 7 1 ) compared the essential 
amino acid content of 21 plant species with the human amino acid require-
ment as laid down by FAO and found them more favourable than the reference 
values of FAO. Leaf proteins are particularly rich in lysine. Various literature 
sources agree that the protein extracts gained from different plant species 
contain amino acids in very similar composition ( P I R I E , 1 9 6 9 ) . Thus attention 
should be drawn to the fact that Hungarian-made concentrates have, in relation 
to traditional fodder-crops, a high threonine content and therefore are suitable 
for the complementation of other plant proteins. 
Leaf protein concentrates are ut ilized mainly in pig breeding, therefore 
t heir amino acid content was compared to the amino acid requirement of pigs. 
In comparison to the 14- 16% protein requirement of young pig the essential 
amino acid content of the 20— 40% crude protein content of the concentrates 
significantly exceeds, in an absolute sense, the amino acid requirement of the 
animal species. Though at higher protein content the essential amino acid 
requirement relatively decreases ( B R E S S A N I & M E R T Z , 1 9 5 8 ) , the protein content 
of the feed will be covered only partly by the extracts, and therefore the amino 
acid ratios have to comply with the requirements of the animal species. I t 
appears from Table 3 that the aminogramme of the extracts comes up to ex-
pectations: if supplemented by methionine the essential amino acids generally 
cover the requirement. I t is worth considering, whether — as it was pointed 
out earlier (BOLDIZSÁR et al., 1 9 7 1 ) — supplementation with the second limiting 
amino acid would not lie profitable. In that case complementing with arginine,* 
leucine or histidine would be required, taking into account at the same time 
the amino acid content of the other components of the feed, the animal species 
to be fed, its age, etc. 
The idea of determining the biological value of proteins after enzymatic 
digestion emerged about twenty years ago. As a result of enzymatic hydrolysis 
a significant proportion of amino-N is regained in the form of peptides and the 
amount of free amino acid depends on the enzyme used for digestion. 
* I n v i e w o f t h e w e l l - k n o w n a r g i n i n e - l y s i n e a n t a g o n i s m ( D ' M E L L O & L E W I S , 1 9 7 0 ) , 
the important surplus of lys ine in the c o n c e n t r a t e s increases the n e c e s s i t y of arg in ine 
c o m p l e m e n t a t i o n . 
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In the present study the aromatic amino acid content of casein was found 
to he about 11.6%, the lysine content 6.8%. After digestion with pepsin about 
28.7% of the total free amino acid content consisted of tyrosine and phenyl-
alanine, while only 4.4% of lysine. After digestion with trypsin the proportion 
of the two aromatic amino acids decreased to 1 5 . 1 % , while the proportion of 
lysine jumped to 44.9%. The results are characteristic of tlie digestive speci-
ficity of pepsin and trypsin. 
Pepsin-pancreatin digestion was applied by A K E S O N and S T A H M A N N 
(1964). The pancreas extract contained probably exopeptidases, possibly 
kathepsins as well. The authors consider the use of the more exactly de-
finable trypsin in model experiments more suitable. A K E S O N and S T A H M A N N 
(1964) compared the amino acids obtained by enzymatic digestion of the plant 
proteins tested to the free amino acids gained by the enzymatic digestion of a 
reference protein (whole egg-white), considering thereby the fact that the 
sum of the amino acids released during the treatment is limited by the sub-
strate specificity of the enzyme used. 
The degradation efficiency data as obtained in this study seem lower 
than those given by A K E S O N and S T A H M A N N ( 1 9 6 4 ) . Apart from the difference 
in the enzymes used, this might be due to the differing enzyme substrate ratio 
(1.5 mg pepsin and 5 mg trypsin to 100 mg protein). A substantial part of the 
amino-N in the digest supernatant is present in the form of peptide evidenced 
by the non-identifiable peaks found in the chromatograms. Thus the total 
amino acid content of the supernatant was considered the final result of 
enzymatic action. After hydrolysis with hydrochloric acid 2 6 . 8 — 5 6 . 7 % of the 
protein was regained. This result related to casein approximates the values 
achieved in an earlier study ( H O R V Á T H & BOLDIZSÁR, 1 9 7 3 ) with C A L B I O C H E M 
pronase of high proteolytic activity. The degradation efficiency of the natural 
digestive enzymes was lower with leaf proteins than with casein (Table 2), 
except with the leafy beet-top. However, the absolute value of the results 
seems satisfactory. 
The knowledge of the amino acid composition of the protein source used 
in animal feed is not sufficient to the unambiguous assessment of the biological 
value. This value may be different for samples the amino acid composition of 
which is identical or similar. Primarily the difference is caused by the differing 
proportion of individual amino acids upon digestion by various enzymes. The 
study of enzymatic digestion under standard conditions enables the evaluation 
of enzymatic digestibility. 
* 
T h e a u t h o r s wish t o e x p r e s s their g r a t i t u d e t o the m e m b e r s o f the P r o t e i n P r o g r a m 
Bureau of O M F B for m a k i n g ava i l ab l e the s a m p l e s t o be t e s t e d . 
T h a n k s are due to Mrs. J. SEBESTYÉN-SZABADI for her d e v o t e d technical a s s i s t a n c e . 
Acta Alimentaria 4, 1975 
227 BOLDIZSÁR et al.: IN VITRO D I G E S T I B I L I T Y OF L E A F P R O T E I N C O N C E N T R A T E S 
Literature 
AKESON, W. R . & STAHMANN, M. A . (1964): A pepsin pancreatin digest index of protein 
qual i ty evaluat ion. J. Nutr., 83, 257—261. 
ALLISON, R . M. & CHUA, C. G. (1970): Protein degradation in lucerne pulp and juice. 
Sympos ium on leaf protein, Coimbatore, pp. 1—20. 
AROKOLL, D. B . (1971): Agronomie aspect of leaf protein production in Great Britain. 
Leaf Protein, IBP Handbook, No . 20, pp. 9—18. 
B O L D I Z S Á R , E L , B A R O C S A I , G Y . , S Z U H O V S Z K Y - G E R G E L Y , A . & K E M É N Y , A . ( 1 9 7 1 ) : A k e v e -
réktakarmányok aminosav kiegészítésének elbírálása (The assessment of amino 
acid supplementat ion in diets). Magy. Ao. Lapja, 26, 3 2 4 — 3 2 9 . 
BRESSANI, R . & MERTZ, E . T. (1958): Relat ionship of protein level to the m i n i m u m lysine 
requirement of the rat. J. Nutr., 65, 4 8 1 — 4 9 1 . 
BYERS, M. (1971): The amino acid composi t ion of some leaf protein preparations. Leaf 
protein, IBP Handbook, No. 20, pp. 95—114. 
C O M M I T T E E ON A N I M A L N U T R I T I O N (1968): Nutrient Requirements of Swine. Puhl. No. 1 599. 
Natl . Res. Council (N.R.C.), Nat l . Acad. Sei., Washington, D.C. 
G E R I . O F F , E . D . , L I M A , I . H . & S T A H M A N N , M . A . ( 1 9 6 5 ) : A m i n o a c i d c o m p o s i t i o n o f l e a f 
protein concentrates . J. Agr. Food Ghem., 13, 1 3 9 — 1 4 2 . 
H O R V Á T H , E . & B O L D I Z S Á R , H . ( 1 9 7 3 ) : B a k t e r i á l i s é s g o m b a e r e d e t ű e n z i m k é s z í t m é n y e k 
proteolit ikus aktivitásának összehasonlító vizsgálata (Comparative analysis of the 
proteolyt ic ac t iv i ty of enzyme preparations gained from bacteria and fungi). 
Acta Vet. Hung., in press. 
K R A L O V Á N S Z K Y - B Ó C S A , К . & B U G L O S , J . ( 1 9 7 2 ) : Levélfehérje koncentrátumok előállításával 
kapcsolatos nyersanyag és felhasználási kísérletek nemzetközi áttekintése (A review 
of the international literature on experiments related to the raw material and 
uti l ization of leaf protein concentrates) . MEM Inf . Közp. , Budapest . 
D'MELLO, J. P . F . & LEWIS, D. (1970): Amino acid interactions in chick nutrition. The 
interrelationship between lysine and arginine. Br. Poult. Sei., 11, 299—311. 
MITCHELL, H . H . & BLOCK, R . J . (1946): Some relationships between the amino acid 
contents of proteins and their nutri t ive values for the rat. J. Biol. Ghem., 163, 
599— 604. 
MITCHELL, H . H . (1962): The nature of the endogenous metabol ism of nitrogen and its 
constancy. — in: M I T C H E L L , H . H . ( 1 9 6 2 ) : Comparative nutrition of man and do-
mestic animals. Academic Press, N e w York, pp. 145—153. 
OSER, В . L. (1959): An integrated essential amino acid index for predicting the biological 
value of proteins. — in: AI.HANESE, A. A. (ed.): Protein and amino acid nutrition. 
Academic Press, N e w York, pp. 292—293. 
PIRIE , N . W. (1969): Food resources conventional and novel. Penguin Books . Harmonds-
worth, England, pp. I — 208. 
STAHMANN, M. A. (1967): The potential for protein production from green plants. Econ. 
Bot., 21, 73—79. 
Addresses of the authors: 
Department of Physiology, 
University of Veterinary Sciences, 
H-1078 Budapest, Landler Jenő u. 2. Hungary 
Phvlaxia, Company for Veterinary 
Biologicals and Feedstuffs, 
H-1107 Budapest, Szállás u. 5. Hungary 
Dr. Harrison BOLDIZSÁR 
Dr. Mária KOZMA 
Piroska RIBICZEY-SZABÓ 
Acta Alimentaria 4, 1975 

Acta Alimentaria, Vol. 4 (3), pp. 229—250 (1975) 
INVESTIGATION OF STRING BEAN VARIETIES 
FOR THEIR SUITABILITY TO QUICK-FREEZING 
É . SZÁNTÓ-NÉMETH 
(Received January 18, 1974) 
To establish their suitabil i ty for processing, green and yel low varieties of 
string bean were subjected to investigation. N ine varieties were studied of which 
three were put to storage tests. 
The colour and texture , as well as in some of the samples the v i tamin С 
content of fresh and quick-frozen or stored beans were studied. The samples under-
went sensory evaluat ion arid the changes during various treatments were fo l lowed 
up. 
The colour tests proved that the colour of beans with green pods became 
more saturated upon quick-freezing and did no t deteriorate substantial ly during 
storage at — 2 0 or —30 °C. However, during storage at - 10 °C it soon turned 
brown (Tables I — 4). The colour of yel low-pod beans deteriorated upon cooking 
and quick-freezing and turned brownish. The colour change was always s ignif icant . 
Finometer was used to check the texture . The t ex ture developed upon 
quick-freezing was observed to remain stable during storage. The changes caused b y 
t he various treatments are shown in histograms (Figs. 1 — 3), and by the regression 
correlation as seen in Fig. 4. With the bean varieties tested, the opt imum cooking 
t ime for beans of about 70 Finometer degrees w a s found to be 1 5 min. 
The ef fect of quick-freezing was examined also by the water-binding 
capacity of the samples. As seen in Table 5 the water-binding capacity hardly 
changed during (i months of frozen storage f rom that registered directly upon 
quick-freezing. These results support those established by Finometer readings, 
namely that the texture developed upon quick-freezing does not change sub-
stantial ly during storage under appropriate conditions. 
The v i tamin С content of three varieties was tested during storage by thin-
layer chromatography. During 10 months of storage at — 10 °C the v i tamin С 
content deteriorated complete ly . At — 2 0 °C about 5% and at — 3 0 °C about 10% 
of the initial a m o u n t were retained. Resul ts are shown in Table 6. 
The e f fec t of quick-freezing (Table 7) and the keeping quality of certain 
varieties were evaluated b y sensory testing, taking into account 30% or 5 0 % 
deterioration of taste. Spoilage rate curves were plotted (Figs. 8 and 9) and the 
keeping qual i ty a t g iven temperatures was established (Table 9). 
On ranking the varieties according to keeping qual i ty Sanocrop was found 
to be the first, Budai zöld the second and Harvester (green) the third. H o w e v e r , 
ranking according to taste scores obtained directly upon quick-freezing s h o w e d 
the fol lowing sequence: Sanocrop, Harvester (green), Budai zöld. Budai zöld re-
ceived tht" lowest score in the raw stage, therefore it is not suggested for quick-
freezing, even if the taste deterioration during storage did not seem to exceed that 
of Harvester (green) and Sanocrop. Considering the changes in sensory value, in 
texture and in colour as caused by quick-freezing, of the green-pod variet ies 
tested, Carobel Wax and Jutta proved to be the most suitable for storage a f t e r 
quick-freezing. The yel low-pod varieties having a Finometer value about 5 0 — 7 0 
seemed all suitable for processing in the canning industry. However, the change in 
their colour upon quick-freezing does not permit of their use in the refrigeration 
industry. 
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In order to improve the quality of the products of the food industries, 
string bean varieties were exposed to comparative tests. 
The problems most discussed were related to the colour and texture 
( В Е К Е , 1 9 7 0 ; B U R K A , 1 9 7 0 ) . Many authors investigated texture. Instrumental 
studies were reported on by R E E V E ( 1 9 7 0 ) , B O U R N E ( 1 9 7 2 ) , B O G N Á R ( 1 9 7 2 ) , 
etc. G U T S C H M I D T ( 1 9 6 9 ) described the structural changes observed upon 
various freezing technologies in the water-binding capacity. Structural changes 
were followed by Z A C K E L ( 1 9 7 3 ) in histological studies. 
As regards the colour of string beans W E S C O T T and his co-workers ( 1 9 5 5 ) 
investigated the non-enzymic browning, and V A N B U R E N and his co-workers 
( 1 9 6 4 ) the change in chlorophyll as caused by precooking. 
The subject of the present study was to establish the suitability of some 
green and yellow string bean varieties for quick-freezing and thereby select 
varieties suitable for processing in the food industry. In storage experiments 
the keeping quality of the varieties was studied. 
1. Materials and methods 
1.1. Materials 
Green- and yellow-pod bean varieties were obtained from sources of the 
canning and refrigeration industries. Two green string bean varieties were 
grown for the C O L D S T O R E , S Z É K E S F E H É R V Á R , and were obtained in the plant 
on delivery. Another variety was grown for experimental purposes in the S A S A D 
C O O P E R A T I V E . Five varieties were grown in the S O R O K S Á R C O O P E R A T I V E , 
partly for the C A N N I N G F A C T O R Y , N A G Y K Ő R Ö S . One variety was bought from a 
private farmer on the day of picking. 
Bv using different sources of cultivation and several varieties we aimed 
at giving a more general view. 
The varieties used in the experiment in the sequence of picking dates 
are as follows: 
Budai zöld (green) 9. 8. 1972 Carobel Wax (green) 13. 7. 1973 
Harvester (green) 1 0 . 8 . 1 9 7 2 Jutta (green) 1 3 . 7 . 1 9 7 3 
Sanocrop (green) 10. 8. 1972 Harvester (yellow) 17. 9. 1973 
Kinghorn Wax (yellow) 1 3 . 7 . 1 9 7 3 Juliska (yellow) 2 7 . 9 . 1 9 7 3 
Wax Goldjuwel (yellow) 13. 7. 19 73 
The Kinghorn Wax variety was mechanically harvested, all the other 
varieties were hand-picked. Tests were started on the day of picking and the 
samples were kept in a storage room of + 8 °C till finished. 
Three variet ies, selected on the basis of preliminary trials, were subjected 
to storage tests in 1972. The samples obtained in 1973 were not stored, they 
were tested in the raw, precooked state and upon quick-freezing. 
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1.2. Preparation and f reezing of the test samples 
Samples used in the storage tests were topped and tailed, cut into pieces 
of 2—3 cm, precooked in water of 95 °C for 2 min, cooled in tap water and 
packaged in cardboard boxes, each containing 0.4 kg. The samples were then 
frozen at —30 °C during 48 hours. 
1.3. Storage temperatures 
The frozen samples were stored at the following temperatures: 10 4 °C, 
- 2 0 ± 1 °C and — 30 ± 1 °C, resp. 
1.4. Test methods 
The samples were tested in order to be able to evaluate each variety. The 
length, colour, texture and the vitamin С content of the pods were measured 
and the varieties were ranked according to their sensory value. Their keeping 
time was established by following up the quality during storage. 
1.4.1. Colour tests. The colour was determined with the Lovibond Tinto-
meter, Type AF 751. The Lovibond units thus obtained were then converted 
into C.I.E. units. On the basis of results the trichromatic numbers, the char-
acteristic wavelength and the lightness factor may be obtained. 
Samples were tested in the fresh, precooked, cooked, quick-frozen state 
and after frozen storage. 
1.4.2. Finometer tests. The texture of the pods was measured with the 
Finomét er, found very useful for testing the texture of peas ( V Á G N E R & 
C S E N D E S , 1968). The spring constant of the Finometer was С = 13.25 kg mm" 1 . 
Pod slices of 2- 3 cm length are easy to fit in the cup of the Finometer and it 
is easy to measure them. 
Consistency was measured in the fresh, precooked, cooked and quick-
frozen samples, directly upon freezing and after storage. 
1.4.3. Texture test by measurement of the water-binding capacity. The water-
binding capacity was measured by the somewhat modified variant of the 
G U T S C H M I D T ( 1 9 6 9 ) method. This characteristic, namely juice release under a 
predetermined load, is also characteristic of the texture. The processing 
technology, the storage temperature and the time of storage manifest themselves 
in changes of the water-binding capacity. Thus this method was used to 
characterize text ural changes in the pods. 
The difference between the original Gutschmidt method and the modifi-
cation lies in using a 2-kg load instead of a 3-kg one. The process is as follows: 
a piece of bean pod of about 1 g is accurately measured and placed between 
accurately measured filter papers and pressed for 2 min with a weight of 2 kg. 
Schleicher-Schiill 2040 filter paper was used for the test. After 2 min the 
sample pieces were again measured. The difference between the two measure-
3* Acta Alimentaria 4. 1975 
2 3 2 S Z Á N T Ó - N E МЕТ II: S U I T A B I L I T Y OF S T R I N G B E A N S F O R Q U I C K - F R E E Z I N G 
ments was equivalent to the loss of juice. Results were expressed in percentage 
of the original weight. 
This test was carried out with every bean variety after precooking for 2 
min, cooking for 15 min and after quick-freezing at —30 °C. With the 3 
samples subjected to storage test the measurement was repeated after 6 
months storage a t 10°, 20° and 30°C. The temperature of the samples 
was set at 20 °C for the measurements. 
1.4.4. Determination of the vitamin С content. P E T R Ó - T U R Z A ' S method 
(1969) was used with some modification. It was observed that string beans 
contained compounds (probably sugars) which appear at the Rf value charac-
teristic of the vitamin С DAS-osazone formed in 2,4-dinitrophenvl hydrazine 
solvent and therefore cover the same. By varying the concentration of the 
pyridine used as running solvent a concentration was found at which the Rf 
value of vitamin С of the string beans was clearly different from that of other 
osazones. 
The separation and determination by thin-laver chromatography of the 
vitamin С content of string beans was carried out by the following procedure: 
50 g of string beans were comminuted in a Turmix blendor for 2 min with 
a 1 : 1 mixture of ethyl alcohol and metaphosphoric acid and filtered. Five-ml 
samples were taken to produce osazones of vitamin С according to the method 
used. The DAS-osazone thus formed was applied to the thin-laver in an ethyl 
acetate solution. Kieselgel-G was used for the layer and a benzene—acetone— 
pyridine mixture (80 : 16 : 4) as the developing solvent. The developed chro-
matogram, to make it more photogenic, was placed in the vapour space of a 
chromatography tank. To evaluate the chromatogram a known amount of a 
standard ascorbic acid solution was applied and visually compared ( B L A Z O V I C H 
et al., 1969). 
1.5. Sensory evaluation 
Sensory tests were carried out according to Plank's system ( S P A N Y Á R , 
1954). The individual properties were scored on a 5-point scale, 5 points 
standing for excellent, 1 point for very poor quality. In order to achieve 
uniform scoring the panel members were given a list of criteria for every 
property. The panel consisted of 5 members. 
The samples were scored for colour, odour, flavour and texture. A 30% 
loss of flavour score was considered the upper threshold value of a sensoricallv 
evaluable change of quality, while a 50% loss was considered the limit value 
of storability. 
The results of sensory evaluation were analysed by statistical methods. 
The t test was used to analyse the changes caused hv quick-freezing at —30 °C 
in fresh string beans and evaluated by comparative sensory tests. All the 9 
bean varieties were subjected to this test. 
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The varieties subjected to storage test were examined at two months 
intervals by sensory evaluation. An analysis of variance was done with the 
results and the sensory values were interpreted by Student's t test. The storage 
times required to reach 30% and 50% deterioration of flavour were obtained 
by calculation, since storage at —20 °C and —30 °C extended over 12 months 
only. The method of polynomials of the third order was used for calculation, 
proceeding from the presumption that the character of spoilage, as found in 
actual measurements, fits a curve of initially decreasing, then stagnating and 
finally again decreasing tendency. 
The following equation (SVÁB, 1 9 7 3 ) was used: 
S = A + BM + CM'1 + DM3, 
where S = score , 
А, В, С, I) = constants, 
months — к 
M = at 20 and — 30 °C , 
2 
months — 4 
M = - at - 10 °C . 
Data measured and calculated were graphically illustrated. Results were 
evaluated by analysis of variance and the least significant difference was 
determined. 
LSD = t 
where LSD = the least significant difference (at 5%), 
t = t value belonging to s2, 
s2 = variance, 
n = number of data used for calculating the average. 
The rate of flavour deterioration was expressed as the reciprocal of the 
time needed to reach 30% and 50% flavour deterioration, respectively 
(v = 1//), and plotted as a function of the logarithm of storage temperature 
(VAS, 1971). 
2. Results 
2.1. Dimensions 
The length of the pods of the green and yellow string bean varieties 
studied was between 9 and 13 cm, their width between 9 and 11 mm. Results 
are the averages of 20 measurements, the standard deviation being 0—1.2 em. 
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2.2. Results of colour tests 
Results are shown in Tables 1 to 4. The tables contain the colour values 
characteristic of each variety, the characteristic wavelength, colour intensity 
and lightness value, as well as the standard deviation. 
The colour of each bean variety was measured in the fresh state, after 
precooking for 2 min, after cooking for 15 min, quick-frozen at -30 °C and 
thawed. In addition the colour of the 3 varieties subjected to storage at 3 differ-
ent temperatures was determined after 6 months. The latter samples were 
thawed and cooked for 10 min at 100 °C prior to colour testing. 
As a general conclusion it may be established that the dominant wave-
length dependent on the colour components of the individual variety presents, 
within limits, a basis of identification. However, within the individual variety 
the trend of change does not follow a definite pattern. While the wavelength 
Ad characterizes the variety, at a given stage of ripeness, it is not sufficiently 
sensitive to indicate the effect of a treatment. 
The saturation value (P0) is not satisfactorily characteristic either of the 
colour changes in the bean pod upon treatment. I t places the sample in the 
colour triangle and the darkening of the sample upon a treatment is shown 
by the increase of the saturation value but the saturation value is not sensitive 
enough to detect slight discolorations. 
The lightness value (Y component), on the other hand, as a value inde-
pendent of the wavelength, represents very satisfactorily darkening or fading 
of the sample. Bean pods of light yellow or green colour absorb a slight amount 
of light and reflect a great amount. Dark samples absorb more light and 
reflect less. The lightness factor expresses the amount of reflected light as 
percentage. Thus this value may he considered characteristic of bean varieties, 
even more of the changes occurring upon treatment or storage and therefore it 
may be taken into account as an objective quality characteristic. 
These general observations are based on the results obtained with 
individual samples. 
As seen in Table 1, the green bean varieties, Carobel Wax and Jutta 
became darker upon precooking, cooking and freezing. The light green original 
colour of the pods darkened upon these treatments. This is shown by the Y 
value. In varieties with green pods this change is of positive character, because 
the more saturated colour is more pleasing to the eye. The colour changes as 
occurring upon treatment in varieties with yellow pods may not be considered 
advantageous. The pods of originally vivid yellow colour turned brown upon 
cooking and freezing and this was shown by the reduced У value, ' there was 
hut a single variety with yellow pods which was not affected by either cooking 
or freezing and this was Kinghorn Wax. The colour of this variety was as 
pleasing after precooking, cooking and freezing as prior to these treatments. 
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Table 1 
Colour of string bean varieties, in the fresh, cooked and quick-frozen state, 
as expressed in the C.I .E. system 
Variety 
Treatment Ad A Y Sy 
Kinghorn Wax 
fresh, after harvesting 575 0.30 36.59 0.96 
after precooking for 2 min 572 0.48 36.88 0.99 
after cooking for 15 min 573 0.37 45.71 0.00 
quick-frozen at — 30 °C* 571 0.40 32.10 0.58 
Wax Ooldjuuel 
freshly picked 573 0.46 30.47 1.78 
after precooking for 2 min 572 0.52 16.87 0.88 
after cooking for 15 min 574 0.43 16.73 0.22 
qniek-frozen at — 30 °C* 570 0.50 12.20 0.87 
Carobel Wax 
freshly picked 565 0.32 27.34 0.73 
after precooking for 2 min 568 0.27 11 . 05 2.45 
after cooking for 15 min 570 0.34 17.79 0.82 
quick-frozen at — 30 °C* 567 0.35 18.65 0.60 
Jutta 
freshly picked 567 0.39 30.14 3.92 
after precooking for 2 min 564 0.34 19.07 0.75 
after cooking for 15 rnin 572 0.38 10 .1 1 1.05 
quick-frozen at - 30 °C* 565 0.40 13.20 0.95 
Harrester (yellow) 
freshly picked 566 0.38 46.16 3.75 
after precooking for 2 min 565 0.32 10.41 0.84 
after cooking for 15 min 566 0.38 10.97 0.43 
quick-frozen at — 30 °C* 564 0.40 15.10 0.68 
Juliska 
freshly picked 566 0.51 33.71 3.00 
after precooking for 2 min 561 0.51 16.87 0.97 
after cooking for 15 min 567 0.40 15.53 1.27 
quick-frozen at —30 °C* 562 0.42 14 . 03 0.90 
= average of dominant wavelength (nm) 
P e = average saturation 
Y = average lightness (%) 
sY = standard deviation (relative to Y) 
* thawed (tested within one week of freezing) 
Sample temperature was adjusted to 20 °C 
All data represent three parallel measurements 
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Tables 2 to 4 give the results pertinent to the three green-pod varieties. 
Table 2 
Changes in colour of string bean variety Sanocrop 
during processing and frozen storage. C.I.K. characteristics 
Treatment Ld Ce Y s Y 
Freshly picked 566 0.38 24.20 4.05 
Precooked for 2 min 562 0.36 23.00 3.31 
Cooked for 15 min 566 0.37 22.11 2.03 
Quick-frozen at — 30 °C, tested within 1 week 
of freezing after thawing 561 0.56 21.90 4.59 
Stored for 0 months at 10 °C, thawed prior 
to testing 565 0.24 33.38 1.18 
Stored for 0 months at - 20 °C, thawed prior 
to testing 502 0.49 23.76 8.10 
Stored for 0 months at — 30 °C, thawed prior 
to testing 503 0.31 25.12 0.58 
Stored for 0 months at — 10 °C, thawed, cooked for 
10 min 568 0.43 15.30 3.45 
Stored for (i months at — 20 °C, thawed, cooked for 
10 min 566 0.40 9.87 0.75 
Stored for (i months at — 30 °C, thawed, cooked for 
10 min 662 0.39 8.25 0.22 
A<] = average of dominant wavelength (nm) 
I'e = average saturation 
Y = average lightness (%) 
Sy = standard deviation (relative to V) 
All data represent three parallel measurements 
With all the three varieties the colour became more saturated upon 
treatment. On comparing the colour of the stored samples to those immediately 
after quick-freezing, the lightness value seems to reflect satisfactorily the 
change in colour during storage at various temperatures. The lightness value 
for the 3 samples was higher after storage at —10 °C than immediately upon 
freezing. During storage for 6 months a t this temperature the colour of the 
samples turned brownish. During storage at 20 and 30 °C the Y values 
were lower, fundamental changes were not observed and the results obtained 
with all three varieties were similar. The lightness value obtained after cooking 
showed similar trend. While the brownish colour of samples stored at —10°C 
was express, the colour of the samples stored at lower temperatures, with the 
exception of some spotty samples, turned a darker green. 
As seen from the results the lightness value as measured with the Lovi-
bond Tintometer seems adequate for the characterization of colour changes 
during storage (breaking down or transformation of chlorophyll, staining 
upon freezing). 
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Table 3 
Changes in colour of string bean variety Harvester (green) during processing 
and frozen storage. С .I.E. characteristics 
Treatment h r SY 
Freshly picked 507 0.35 26.15 1.90 
Precooked for 2 min 502 0.31 18.71 2.21 
Cooked for 15 min 565 0.33 25.60 5.90 
Quick-frozen at - 3 0 ° C , thawed for test within 
1 week 561 0.28 12.12 0.58 
Stored for 6 months at — 10°C, thawed prior 
to testing 566 0.39 19.28 12.70 
Stored for 6 months at — 20 °C, thawed prior 
to testing 566 0.45 16.13 4.13 
Stored for 6 months at - 3 0 ° C , thawed prior 
to testing 565 0.48 15.46 2.01 
Stored for 6 months at 10 °C, thawed, 
cooked for 10 min 566 0.39 12.02 1.00 
Stored for 6 months at - 2 0 °C, thawed, 
cooked for 10 min 568 0.39 9.34 0.33 
Stored for 6 months at - 3 0 °C, thawed 
cooked for 10 min 568 0.40 6.17 0.25 
= average of dominant wavelength (nm); P e = average saturation; Y = average 
lightness (%); Sy = standard deviation (relative to F); All data represent three parallel 
measurements 
Table 4 
Changes in colour of string bean variety Budai zöld 
during processing and frozen storage. C.I.E. characteristics 
Treatment Li Fe Y SY 
Freshly picked 566 0.37 9.29 0.87 
Precooked for 2 min 559 0.28 4.09 0.80 
Cooked for 15 min 557 0.17 7.71 0.37 
Quick-frozen at — 30 °C, thawed for test within 
1 week 560 0.55 21.98 6.08 
Stored for 6 months at - 1 0 ° C , thawed prior 
to testing 568 0.24 29.17 5.35 
Stored for 6 months at - 2 0 °C, thawed prior 
to testing 565 0.38 15.54 1.60 
Stored for 6 months at - 3 0 °C, thawed prior 
to testing 557 0.41 14.91 0.20 
Stored for 6 months at - 1 0 ° C , thawed, 
cooked for 10 min 569 0.50 12.30 0.10 
Stored for 6 months at - 2 0 °C, thawed, 
cooked for 10 min 566 0.35 11.87 1.16 
Stored for 6 months at — 30 °C, thawed, 
cooked for 10 min 569 0.53 10.09 0.55 
A(j = average of dominant wavelength (nm); P e = average saturation; Y = average 
lightness (%); sY = standard deviation (relative to F); All data represent three parallel 
measurements. 
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2.3. Measurement of texture 
The Finometer readings of the 9 string bean varieties and the changes 
occurring in their texture upon various treatments are given in Figs. 1 to 3. 
The texture of the fresh pods, after precooking for 2 min, after cooking for 15 
min and after freezing at — 30 °C was measured with each variety. Texture 
was also measured after storing the three varieties at 10 °C, 20 °C and 
— 30 °C, resp., for 6 months. 
The changes caused by the various treatments in the texture are well 
illustrated by the histograms. The most distinct change was brought about 
by cooking. The values obtained for all the 9 varieties upon cooking for 15 min 
were similar. The Finometer values of the samples precooked for 2 min, quick-
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F i g . 1. T e x t u r e of s o m e s t r ing bean v a r i e t i e s in Finometer degrees (°Fi) . A — fresh; В — 
p r e c o o k e d for 2 m i n ; С — precooked for 4 m i n ; D — c o o k e d for 15 m i n ; E — precooked 
for 2 m i n a n d q u i c k - f r o z e n ; F — p r e c o o k e d for 2 min , qu ick- frozen , s t o r e d a t - 10 °C 
for 6 m o n t h s ; О — p r e c o o k e d for 2 m i n , qu ick- frozen , s t o r e d at — 2 0 °C for 6 m o n t h s ; 
H — p r e c o o k e d for 2 m i n , q u i c k - f r o z e n , s t o r e d at — 3 0 C° for f> m o n t h s . Ver t i ca l bars 
ind icate t h e s t a n d a r d d e v i a t i o n 
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Fig . 2. T e x t u r e of s o m e s tr ing b e a n v a r i e t i e s in Finometer degrees ( F i ) . A — fresh; 
В — p r e c o o k e d for 2 m i n ; С— c o o k e d for 15 min; D — p r e c o o k e d for 2 m i n a n d frozen 
a t — 3 0 °C. Vert ical b a r s i n d i c a t e the s t a n d a r d d e v i a t i o n 
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frozen at - 30 °C and thawed hardly differed from those obtained immediately 
upon precooking. Surprisingly, similar data were obtained after 6 months of 
storage. 
The texture of the 9 varieties as affected by quick-freezing was tested 
also hv regression analysis. When plotting the results (Fig. 4), the Finometer 
values pertinent to the fresh samples were shown on the abscissa and those of 
Ju t t a 
80-
6 0 ; 
40 J 
20 
J 
Harvester (yellow) 
80 
60 
40 
20 
0 
Juliska 
А В С D 
Fig. 3. Texture of some string bean varieties in Finometer degrees (°Fi). .4 — fresh; 
В — precooked for 2 min; С — cooked for 15 min; D — precooked for 2 min, frozen 
at —30 °C. Vertical bars indicate the standard dev iat ion 
с Wax Goldjuwel 
V J u t t a 
э H a r v e s t e r (yellow) 
С Ju l i ska 
40 50 60 70 80 A. f í 
Fig. 4. Correlation between cons is tency values of fresh and frozen string beans. A°pi — 
Finometer values of the fresh beans; B°Fi—Finometer values o f the processed bean: 
precooked for 2 min; quick-frozen a t —30 °C, thawed within a w e e k of freezing t o 20 °C 
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precooked and quick-frozen samples on the ordinate. The equations of the 
regression curves as calculated from the data : 
A„Pi = 15.719 + 1.194 B.Fi 
and 
ß„Fi = 5.600 + 0.548 H ; F i . 
The value of the correlation coefficient : 
r = 0.809. 
The regression curve is nearly linear. The difference in the tissue structure 
of the various varieties is characterized by the correlation coefficient. The dif-
ference between the texture values upon quick-freezing is ± 1 6 % . 
The texture of the three varieties subjected to storage in the frozen state 
did not change substantially during storage as compared to tha t immediately 
upon quick-freezing. 
2.4. Water-binding capacity 
The effect of the various treatments and of storage was measured by the 
amount of juice released upon pressing under a definite load. The results as 
percentage of the sample weight are given in Table 5. 
Table 5 
Water-binding capacity of some string bean varieties 
as a function of processing and storage 
Treatment 
Variety 2' precooking | 15' cooking
 : quick-freezing* 
X \ X « X * 
Sanocrop 36.36 6.26 43.17 7.45 48.21 5.91 
11 arrester (green ) 13.55 4.55 36.98 3.25 41.73 2.56 
Budai zöld 25.61 7.61 38.38 12.34 37.84 7.90 
Kinghorn Wax 21.55 5.76 29.25 0.26 34.50 6.30 
Wax Goldjuwel 26.12 5.20 33.66 10.30 39.47 4.50 
Carobel Wax 15.20 6.50 23.12 6.59 28.15 6.10 
Jutta 19.35 4.30 26.37 3.90 35.25 5.20 
Harvester (yellow) 11.13 3.44 26.51 7.20 32.15 6.15 
Juliska 24.15 3.55 32.15 5.10 38.20 3.55 
3* Acta Alimentaria 4. 1975 
241 S Z Á N T Ó - N E МЕТ II: S U I T A B I L I T Y OF STRING B E A N S FOR Q U I C K - F R E E Z I N G 
Table 5 (continued) 
Variety 
Storage (6 months) a t 
-
10*0 -20°C 
-
зо°с 
X s X 1 s X I s 
Sanocrop 49.02 5.10 49.10 4.8 48.5 6.5 
Harvester (green) 42.50 4.30 41.90 3.7 42.0 1.5 
Budai zöld 39.25 3.90 38.25 5.7 38.1 6.3 
X = percentage juice release, average of 5 measurements 
s = standard deviaton 
+
 quick-freezing at — 30 °C, tested within 1 week of freezing 
The results permit of drawing conclusions as to the textural structure of 
the individual varieties. The varieties of higher juice percentage are more 
tender, juicier. Varieties of more solid structure release less juice. I t is note-
worthy that the values obtained for the varieties were nearly the same after 6 
months of storage as immediately upon quick-freezing. It may be concluded 
from the table that juice release, measured under identical conditions, depends 
largely on variety. 
2.Ő. Vitamin С content 
The vitamin С content was determined as described under para. 1.4.4. in 
detail. 
After a storage period of 10 months the samples stored at 10 °C lost 
completely their vitamin С content. The samples stored at — 20 °C had a 
measurable amount of vitamin С and those stored at -30 °C about twice as 
much. 
The results obtained by visual evaluation of chromatograms of individual 
varieties stored at different temperatures are shown in Table 6. 
Table 6 
Vitamin С content of some bean varieties as a function 
of storage temperature after 10 months of storage (in ppm) 
Storage temperature 
Variety -10
 0 0 20 °c 30 °c 
X X s X s 
Sanocrop 0 0 4.0 0.80 10.0 0.95 
Budai zöld 0 0 4.0 0.50 8.5 0.70 
Harvester (green) 0 0 5.0 0.70 8.0 0.80 
X = average vitamin С content, 3 measurements 
s = standard deviation 
Resul t s relate to 100 graw material 
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2.6. Sensory evaluation 
For sensory evaluation the fresh samples were cooked for 15 min, while 
those quick-frozen or stored for 10 min. Each sample was scored in two parallel 
tests by the same panel of 5 members. 
The sensory evaluation served to compare the varieties in the fresh state 
and in t he quick-frozen state and follow up changes occurring upon quick-
freezing. With 3 varieties (samples of 1972) the effect of storage, the keeping 
quality as a function of flavour score and the rate of deterioration were also 
studied. The spoilage rate of the varieties Sanocrop, Harvester (green) and 
Budai zöld was studied at 3 different storage temperatures. 
2.6.1. Effect of guick-freezing upon sensory value. Sensory values obtained 
for the fresh beans and after quick-freezing at —30 °C are compared in Table 7. 
The quick-frozen samples were tested within one week subsequent to freezing. 
As seen from the Table 7, the colour of green bean varieties was signifi-
cantly better after quick-freezing. This is probably due not only to the inter-
ruption of enzyme activity. The fresh bean samples were also cooked for 15 
min prior to evaluation. Thus, it may he stated that quick-freezing has an ad-
vantageous effect on the green colour of the pods. The colour of the bean 
varieties with yellow pods distinctly deteriorated upon quick-freezing and 
was significantly poorer after freezing. 
The effect of quick-freezing upon the odour of both the green and yellow 
varieties was uniform, inasmuch as the characteristic odour diminished and, 
instead, the well-known hay scent appeared. Though this odour change was 
not very intense, the result was significant, except for the Budai zöld variety 
which was scored low even before freezing. These observations were made 
within one week of freezing. 
As regards the flavour, significant difference was found only with the 
yellow variety Wax Goldjuwel. The flavour scores were lower for almost every 
variety, however, the difference was not significant. 
The change in texture upon freezing did not show a definite trend. 
Significant difference was found only with the variety Juliska. 
2.6.2. Sensory changes during storage. The bean varieties purchased in 
1972 were stored at - 10, — 20 and -30 °C, respectively. They were subjected 
to sensory evaluation at two-month intervals. The colour, odour, flavour and 
texture were scored, and the scores for flavour are analysed below. 
The flavour scores were evaluated by the t test. The results of analysis, 
the average flavour scores and the standard deviations are given in Table 8. 
The flavour score of the samples was studied as a function of the shelf-
life, taking into account 30% and 50% deterioration. On reaching 30% dete-
rioration the sample drops below grade 1. Deterioration beyond 50% signifies 
unpalatable quality. The flavour values measured and calculated as described 
in para. 1.5. are illustrated in Figs. 5—7. 
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Table 7 
Sensory evaluation of some bean varieties freshly picked and after quick-freezing 
Variety 
Treat-
ment 
Colour Odour Flavour Texture 
X s t X t Л- ( A' s i 
Sanocrop (green) A 3 .9 0 . 5 0 2 . 4 3 4 .1 0 . 6 5 2 . 7 8 * 4 . 5 0 . 5 0 2 . 3 2 4 .0 0 . 7 9 1 .80 
(1972) H 4 . 1 0 . 6 5 3 .6 0 . 4 2 3 .8 0 . 2 7 4 .0 1.00 
Harvester (green) A 3 .7 0 . 4 5 6 . 0 6 * * 4 . 3 0 . 5 7 2 . 7 8 * 4 .4 0 . 6 5 2 . 4 3 4 .0 0 . 7 5 2 . 0 5 
(1972) 11 4 . 3 0 . 2 7 4 .0 0 . 3 0 4 . 2 0 . 2 7 4 .4 0 . 6 5 
fíudai zöld (green) A 2.7 0 . 6 7 3 . 4 7 * 3 .6 0 . 2 2 2 . 0 5 3 .8 0 . 4 5 3 . 4 5 * 2 .8 0 . 4 5 1.89 
(1972) 11 4 . 3 0 . 7 6 3 .6 0 . 7 4 3 .4 0 . 4 2 3 .8 0 . 5 5 
Kinghorn Wax (yellow) A 4 . 6 0 . 4 2 2 . 7 8 * 4 . 6 0 . 4 2 3 . 2 7 * 4 . 6 0 . 4 2 1.27 4 . 8 0 . 4 5 1.00 
(1973) H 3 .9 0 . 5 5 4 . 3 0 . 4 5 4 . 2 0 . 2 7 5 .0 0.00 
Wax Goldjuwel (yellow) A 3.7 0 . 4 5 3 . 2 7 * 4 . 5 0 . 5 0 3 . 2 5 * 4 . 5 0 . 8 7 2 . 8 9 * 4 . 8 0 . 4 5 1.51 
(1973) U 3.4 0 . 4 2 3 .9 0 . 2 2 3 . 9 0 . 7 4 4 .7 0 . 4 5 
Garobe! Wax (green) A 3 .8 0 . 8 4 6 . 5 5 * * 4 . 8 0 . 4 5 3 . 4 5 * 4 . 0 0.00 0 . 5 5 5 .0 0.00 1.69 
(1973) H 4 . 6 0 . 4 2 4.1 0 . 2 2 4 . 2 0 . 2 7 4 . 8 0 . 2 7 
Jutta (green) A 3.4 0 . 8 2 2 . 0 7 4 .7 0 . 4 5 3 . 2 5 * 4 . 3 0 .27 2 . 2 3 4 . 8 0 . 4 5 1.00 
(1973) В 4 . 1 0 . 2 2 4 . 5 0 . 3 5 4 . 5 0 . 3 5 5 . 0 0.00 
Harvester (yellow) A 4 . 9 0 . 1 0 9 . 1 2 * * * 5 . 0 0.00 6 . 8 4 * * 5 . 0 0.00 1.69 4 . 9 0 . 2 0 2 . 1 6 
(1973) В 4 . 0 0 . 3 0 4 . 8 0 . 2 0 4 . 8 0 . 2 0 4 .7 0 . 3 0 
Juliska (yellow) A 4 . 9 0 . 1 0 6 . 8 4 * * 4 . 8 0 . 1 0 3 . 2 5 * 5 .0 0.00 2 . 2 3 5 . 0 0.00 2 . 5 6 
(1973) В 4.1 0 . 1 5 4 . 2 0 . 2 0 4 . 6 0 . 8 0 4 . 8 0 . 1 0 
A freshly picked samples cooked for 15 mill 
И = quick-frozen at - 30 °C, tested within 1 week after thawing 
and cooking for 15 min 
X - average scores (5 tests) 
s - standard deviation 
t = value according to Student 
* difference significant at the Pe5«)o level 
** difference highly significant 
at the P99o/„ level 
*** difference very highly significant 
at the P „ level 
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Table 8 
Effect of storage time and temperature on the flavour of some string bean varieties during frozen storage 
Variety Storage time (months) 
Storage prior to 
freezing 
Storage temperature (°C) 
- 10 - 2 0 —30 
Л" 
Л" 
* 
t X 1 « : f „Y s t 
Sanocrop () 4 . 5 0 . 5 0 
-
2 3 . 4 0 0 . 2 2 5 . 0 0 * * 4 . 1 0 0 . 2 2 1.81 4 . 2 0 0 .27 1 .25 
4 3 . 3 0 0 . 2 7 5 . 0 0 * * 3 . 7 0 0 . 4 5 2 . 8 5 * 3 . 9 0 0 . 2 2 2 . 7 2 
6 2 . 4 0 0 . 4 2 7 . 5 0 * * 4 . 0 0 0 . 3 5 1.92 4 . 2 0 0 . 2 7 1 .25 
8 3 . 9 0 0 . 4 2 2 . 1 4 4 . 1 0 0 . 2 2 1 .81 
1(1 
— 
3 .90 0 . 4 2 2 . 1 4 4 . 1 0 0 . 2 2 1 .81 
12 3 . 8 0 0 . 2 7 2 . 9 1 * 4 . 2 0 0 . 4 5 1 .07 
Harvester (green) 0 4.4 0 . 6 5 
- — -
2 3 . 6 0 0 . 5 5 2 . 1 6 4 . 2 0 0 . 4 5 0 . 5 8 4 . 2 0 0 . 4 5 0 . 5 8 
4 2 . 9 0 0 . 2 2 5 . 0 0 * * 3 . 9 0 0 . 4 2 1.51 3 . 9 0 0 . 2 2 1 .66 
6 2 . 4 0 0 . 2 2 6 . 6 6 * * 3 .80 0 . 4 5 1.76 4 . 3 0 0 . 2 7 0 . 3 3 
8 3 . 9 0 0 . 6 5 1.25 4 . 2 0 0 . 4 5 0 . 5 8 
10 
— 
3 . 6 0 0 . 5 5 2 . 1 6 4 . 1 0 0 . 5 5 0 . 8 1 
12 
— 3 . 3 0 0 . 4 5 3 . 2 3 * 3 . 9 0 0 . 4 2 1.51 
Budai, zöld 0 3 .8 0 . 4 5 — 
2 . 7 0 0 . 4 5 3 . 9 2 * 3 .70 0 . 4 5 0 . 3 5 3 . 7 0 0 . 4 2 0 . 3 5 
4 3 .10 0 . 2 2 3 . 5 0 * 3 .70 0 . 5 7 0 .31 3 . 7 0 0 . 4 5 0 . 3 5 
6 2 . 0 0 0 . 7 9 4 . 5 0 * 3 . 0 0 0 . 3 5 3 . 3 3 * 3 . 4 0 0 . 2 2 2 . 0 0 
8 3 . 0 0 0 . 4 5 2 . 8 5 * 3 . 2 0 0 . 3 5 2 . 5 0 
10 2 . 7 0 0 . 4 2 4 . 2 3 * 3 . 0 0 0 . 6 1 2 . 4 2 
12 2 . 7 0 0 . 5 0 3 . 9 2 * 3 . 0 0 0 . 6 1 2 . 4 2 
to 
К 
•s. 
И 
» 
4 
BJ 
о 
tz! 
о 
о 
и 
и 
The samples were cooked for 15 min prior to testing 
X - average score (5 tests) 
s - standard deviation 
t t value according to Student 
* difference between the fresh and quick-frozen sample significant 
at the P„ level 
** difference between the fresh and frozen sample highly significant 
at the P99»/o level 
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Fig. 5. Flavour deterioration of the string bean variety Sanocrop as a function of s torage 
t ime (t). Experimental points and calculated curves 
Fig. 6. Flavour deterioration of the string bean variety Harvester (green J as a funct ion 
of storage t ime (t). Experimental points and calculated curves 
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Fig. 7. Flavour deterioration of the string bean variety Budai zöld as a function of storage 
t ime (/). Exper imenta l points and calculated curves 
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H a r v e s t e r (green) 
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T (eC) 
Fig. 8. Hate of deterioration (v, d a y - 1 ) and keeping t ime related to 30% deterioration 
of f lavour (f30) as a function <>( storage temperature ('/') 
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Fig . 9. R a t e of deteriorat ion (v, d a y - 1 ) and keeping t ime related t o 5 0 % deterioration 
of f l avour (t50) as a func t ion of s torage temperature (T) 
Figure 5 shows the flavour deterioration of the Sanocrop bean variety. 
As seen, the course of change in flavour score depended on the storage 
temperature. At 10 °C the predetermined limits of deterioration were 
reached rapidly. At -20 °C, during the time controlled, the period of rapid 
deterioration was reached, while at — 30 °C only the period of stagnation 
prevailed. 
A similar trend was observed with the Harvester variety as shown in 
Fig. 6. 
Since with the above two varieties deterioration at lower temperatures 
proved slow, the polynomial of third order, adapted in view of the presumed 
deterioration period, permitted an approximation only. 
The flavour deterioration curve of the Budai zöld variety did not follow 
the same course. 
As seen, the shape of the curve is nearly linear. Therefore in calculating 
the shelf-life, only linear members of the equation were taken into account. 
The rate of deterioration is illustrated in Figs. 8 and 9. 
The curve of all varieties took a similar course. 
The results of the statistical evaluation of keeping times of the three 
varieties are shown in Table 9. 
As can he seen in the Table 9 and in the graphs, the initially better varie-
ties [Harvester (green), Sanocrop'] reached the threshold of deterioration more 
rapidly than the variety with the lowest initial flavour score. Thus, Budai zöld 
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Table 9 
Keeping time of frozen string beans stored at various temperatures 
Storage temperature 
Variety 
-10 °C 20 °C — 30 °C 
average number of days needed to reach deterioration levels of 
30% 50% 30% 1 50% 30% 50% 
Sanocrop 132 188 420 483 534 594 
Harvester (green) 126 185 387 456 432 478 
Budai zöld 147 193 339 552 468 764 
which received the lowest value in the initial test, reached the threshold for a 
predetermined percentage of deterioration more slowly. This, of course, was a 
consequence of the fact that , in the latter case, a low initial flavour score 
served as the basis for comparison against which deterioration was measured. 
Flavour scores of the three varieties stored were also evaluated by 
analysis of variance. The LSDs for keeping times at 30% and 50%, resp., were 
79 and 163 days, resp. Thus, no significant difference could he detected between 
keeping times of the varieties stored at identical temperatures. Significant 
differences could, however, be demonstrated between keeping times of the 
same variety, as measured at various temperatures. 
On the basis of flavour scores obtained for the fresh and quick-frozen 
beans, Carobel Wax and Jutta seemed suitable for freezing. The colour of 
varieties with yellow pods turned brown upon quick-freezing, therefore these 
varieties are recommended for canning. They proved to be of very good quality 
on the basis of their flavour and texture scores after cooking and even after 
quick-freezing. 
3. Conclusions 
The results of the tests show that the colour of green string beans im-
proved, while that of the yellow varieties deteriorated upon quick-freezing. As 
regards flavour, results are not uniform. Taking into account the colour and 
flavour changes the following varieties are suitable for quick-freezing: 
Sanocrop, 
IIarvester (green), 
Carobel Wax, 
Jutta. 
In the storage tests all three varieties: Sanocrop, Harvester (green) and 
Budai zöld, proved to be suitable for storage. However, the use for freezing of 
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the Budai zöld variety is not recommended, because of its low initial flavour 
value. 
With storage at 20 °C, the shelf-life (till 30% flavour deterioration) of 
the samples was 10—16 months, at 30 °C it was found to he about 18 
months. 
The texture of the samples did not seem to deteriorate during storage. 
The Finometer values did not decrease during storage. The same conclusion 
was drawn from the water-binding capacity tests. 
From the point of view of the vitamin С content storage at —30 °C 
proved to lie the most advantageous. 
+ 
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INVESTIGATION INTO THE PERMEABILITY 
OF POLYMER MEMBRANES OF FOOD PACKAGING QUALITY 
TO GASES AND WATER VAPOUR AFTER RADIATION 
TREATMENT WITH RADURIZING DOSES 
I . VARSÁNYI 
(Rece ived March 25, 1974) 
This work involved the determination of permeability t o nitrogen, o x y g e n , 
carbon d iox ide and water vapour during storage, combined preservation m e t h o d s 
and up- to -date packaging in a controlled atmosphere by m e a n s of the m e t h o d 
developed b y the author (Figs. I, 2 and 3) a t the temperature of 30 °C, f rom 0 to 
35 days a f t er treatment w i t h doses of 50, 100, 200, 400 and 800 krad, resp. S ince 
permeabi l i ty is closely related to the ratio o f the ordered crystal l ine regions t o the 
amorphous region in the membrane which lat ter , from the point of view of permea-
bility, can be considered an ac t ive region, the results obtained b y the determinat ion 
of permeabi l i ty were checked by determining the crystalline t o amorphous rat io in 
the polymers b y photometry in the infra-red region. In addit ion, these results a l so 
provided information for t h e assessment o f the membranes f rom the h y g i e n i c 
point of v i ew. The results were statist ical ly evaluated and compared. 
It w a s found that the permeabil i ty of low-density po lyethylene (Fig. 4), 
high dens i ty polyethylene (Fig. 5), po lypropylene (Fig. 6), Polyvinylchloride 
(Fig. 7), po lyv inyl idene chloride (Fig. 8) and polyester (Fig. 9) t o nitrogen, o x y g e n , 
carbon d iox ide and water vapour after radurization did n o t differ s ignif icant ly 
from the permeabi l i ty of these polymers prior to radiation treatment. Heat, 
treatment, on the other hand, caused h igh ly significant di f ferences between t h e 
permeabil i t ies of treated and untreated po lymers . 
These f indings were confirmed by t h e results of the determination of t h e 
ratio of the crystalline to the amorphous region (Figs. 10 t o 15). There w a s n o 
significant difference between the results of I R photometry performed on radiat ion 
treated p o l y m e r s and the resul ts obtained w i t h untreated po lymers . This ind icated 
not only the lack of a detec table difference in the ratio of t h e amorphous region 
as a result of irradiation, but also a favourable behaviour of t h e polymers f r o m t h e 
hygienic point of view. Consequently radurizat ion with 800 krad and lower d o s e s 
can be performed also on packaging and protec t ing films in direct contact w i t h 
food. 
Summariz ing the results: irradiation w i t h radurizing doses caused no c h a n g e 
in the m e c h a n i s m of gas and vapour permeat ion through the polymers under in-
vestigation, t h u s all correlations and s t a t e m e n t s concerning permeabil i ty w h i c h 
are generally valid for po lymer membranes can be applied a lso to polymers treat -
ed with gamma-rays . 
In the intensive researcli of the peaceful application of ionizing radiations 
their applicability in the food industry occupies an important place. Results 
obtained in Hungary and abroad have proven that ionizing radiations can 
advantageously be applied to improve storage, preservation and quality in 
general, primarily where traditional methods of treatment can no longer be used 
with the same results. 
Researchers engaged in the study of the changes caused by radiation 
treatment in plastics used by the food industry applied gamma-radiation with 
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the primary aim to improve some property — usually the mechanical strength 
— of the polymer. 
Doses capable of modifying the properties of polymers are, as a rule, 
several orders higher than the dose level used for the pasteurization of food-
stuffs. Thus, researchers interested in the modification of polymers studied 
both theoretically and practically only considerably higher doses of radiation. 
Research into the application possibilities of ionizing radiation to the 
food industry necessitated, however, the investigation of the effect of raduriz-
ation, that is of "pasteurizing" doses on the permeability of polymer 
membranes used by the food industry. 
The aim of our investigations was to establish the influence of raduri-
zation doses of ionizing gamma-radiations on the permeability to gases and 
water vapour of plastic protective and coating films of the most favourable 
properties from the point of view of storage and preservation. 
1. Materials and methods 
1.1. Materials 
The tests were carried out on polymer membranes which are the most 
widely used as protective and coating materials in the food industry. The 
model substances to which the radiation treated polymer membranes were 
exposed were chosen on the grounds of practical technological considerations. 
1.1.1. Polymer membranes. Of the low-density polyethylene films the one 
manufactured by the H U N G Á R I A M Ű A N Y A G F E L D O L G O Z Ó V Á L L A L A T , Budapest, 
Hungary, was tested. The 0 . 0 0 4 0 cm thick film has a density of 0 . 9 1 g c m - 3 
and it is widely used for the most diverse purposes. 
High-density polyethylene was the product of T H E M E T A L B O X CO., had 
a density of 0 . 9 5 g c m - 3 and a thickness of 0 . 0 0 3 8 cm. This type of product 
seems to be appropriate for up-to-date heat and radiation preservation pro-
cedures. 
The polypropylene membrane was a 0 . 0 0 4 0 cm thick film of 0 . 9 0 g c m - 3 
density, manufactured by M O N T E C A T I N I E D I S O N . Since the material is trans-
lucent and can he sterilized, it is suitable for special purposes. 
The polyvinvlchloride in compliance with the food-hvgienic specifications 
came from U S R U B B E R CO. in the form of A 0 . 0 0 3 0 cm thick film of 1 . 3 8 
g c m - 3 density. 
Polyvinvlidene chloride manufactured by A B Ä K E R L U N D & R A U S I N G 
was a 0 . 0 0 3 0 cm thick film of 1 . 5 7 g c m - 3 density. Its favourable shrinking 
properties make the material particularly suitable for packaging fresh vege-
tables and fruits. 
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Of the polyester membranes the 0.0020 cm thick poly(terephthalic acid 
glycol ester) type film of 1.40 g c m - 3 density, manufactured by K A L L E AG 
was tested. Due to its translucencv and good shrinking properties this film is 
much favoured in the food industry. 
1.1.2. Permeating model substances. The nitrogen gas complied with the 
specifications of H U N G A R I A N S T A N D A R D M S Z N O . 1 6 0 5 — 6 9 and was of "high 
purity", i.e. of a purity of 9 9 . 9 9 5 % (v/v). 
The purity of the oxygen gas was 99.5% (v/v) in compliance with the speci-
fications of H U N G A R I A N S T A N D A R D M S Z No. 1 6 0 4 - 6 9 . 
The quality of the carbon dioxide gas complied with the specifications of 
H U N G A R I A N S T A N D A R D M S Z No. 2 0 9 1 5 - 6 8 , its purity was 9 9 . 5 % (v/v). 
The water vapour used as model substance came from the saturated 
vapour space above the surface of twice distilled water. 
1.2. Methods 
Radiation treatment proceeded according to the usual method of the 
C E N T R A L F O O D R E S E A R C H I N S T I T U T E , Budapest, Hungary. 
For the determination of permeability a method was worked out on the 
grounds of our earlier experience and literature data and was finally found 
suitable to measure very small quantities of permeated materials. Since there 
is a close correlation between permeability and the structure of the polymer as 
pointed out by R A I N E and co-workers ( 1 9 4 5 ) , M O R G A N ( 1 9 5 3 ) , W A L T E R and 
R E D I N G ( 1 9 5 6 ) , M Y E R S and co-workers ( 1 9 5 7 ) , B E N T ( 1 9 5 7 ) , A L T E R ( 1 9 6 2 ) 
and К W E I and A R N H E I M ( 1 9 6 4 ) , the effect of radiation treatment was studied 
with the help of 1R spectroscopy. 
The results were statistically evaluated. 
1.2.1. Radiation treatment. The samples were irradiated with the eoCo 
gamma-radiation source of 4 5 kCi activity in the C E N T R A L F O O D R E S E A R C H 
I N S T I T U T E at temperatures between 1 0 and 1 5 °C and a 2 0 0 krad per hour dose 
rate. The absorbed doses were 50, 100, 200, 400 and 800 krad, resp. 
The doses absorbed by the samples were measured according to W E I S S 
and co-workers (1955) by means of chemical dosimetry. 
1.2.2. Determination of the permeability to gases. The principle of the 
method is as follows: the gas is led into the adsorption space of a special 
thermostated diffusion cell divided into two compartments by the membrane 
under investigation, so that the gas passing through the membrane reaches the 
desorption space from where it is carried by the carrier gas into a sensing 
device suitable for the detection of the quantity of gas which had passed 
through the membrane. The sensing device is the gas Chromatograph. By 
means of this arrangement the ent ire process of permeation can he followed, so 
that not only the amounts of gases pertaining to the state of equilibrium can 
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be measured, but also the quantities which passed through the membrane at 
the beginning of the process. The diagram in Fig. 1 shows the measuring 
system. 
The apparatus consists of the following main parts: thermostated dif-
fusion cell {!), gas Chromatograph connected to a compensator and a recorder 
(2), gauge, indicating the pressure difference between the gas in the adsorption 
J 
2 11 
Permeating gas 
Fig. 1. D i a g r a m of the a p p a r a t u s for the determinat ion of t h e permeabi l i ty t o gases. 
1 — thermos ta ted diffusion cel l ; 2 — gas Chromatograph c o n n e c t e d to t h e compensator; 
3 — device signall ing the pressure dif ference between t h e adsorpt ion and desorption 
spaces of the d i f fus ion cell; 4 -— pressure d i f ference stabil izer 
1 2 9 
Fig. 2. D i a g r a m of the d i f fus ion cell used for the determinat ion of permeabi l i ty . A — 
adsorption space ; В — d e s o r p t i o n space; С — membrane . 1 — inlet for the gas or vapour 
to be measured; 2 — t u b e jo ined to the pressure di f ference signalizer and equalizer; 
3 — gasket rings; 4 — carrier gas inlet; .5 — carrier gas out l e t ; 6 and 8 — inlets for the 
heat ing or coo l ing f luids b y w h i c h the desired temperature is ensured; 7 and 9 — out le t s 
for the s a m e f luids 
space and the gas in the desorption space of the diffusion cell (3), pressure 
equalizer (4). 
The diffusion cell was constructed by utilizing the already described 
theoretical concepts and practical experience. The sketch of the measuring 
cell is shown in Fig. 2. 
As shown in Fig. 2 the measuring cell has a jacket and is divided into 
Ar ^ 
Carrier gas 
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two parts bv the membrane to be investigated. The diffusing gas or vapour 
enters space A through tube 1 at the desired moment and diffusing through 
membrane С reaches desorption space B. From here the desorbed molecules 
are carried through pipe 5 by the carrier gas entering through pipe 4 into the 
gas Chromatograph. The short tube 2 is intended to equalize the pressure, 
while the hard rubber rings 3 serve for the hermetic closure of the cell. 
The jacket of the apparatus enables the accurate adjustment of the 
temperature, so that the heating or cooling liquid reaches the jacket from the 
thermostat through tube 6 and leaves it through tube 7 at the bottom of the 
jacket. I t is recirculated by tube 8 into the upper part of the jacket and is led 
through tube 9 back into the thermostat. If the difference between the tem-
perature of the experiment and the ambient temperature is great, further if 
the pipe-line between the thermostat and the diffusion cell is so long as to 
cause a heat loss greater than the fluctuations of the thermostat, in the interest 
of accurate temperature adjustment it might he expedient to control the relay 
of the thermostat by a heat senser directly built into the diffusion cell. The 
upper and lower parts of the cell are clamped together with 6 bolts to make 
it gas-tight. 
The tubular column gas Chromatograph used in the experiments was 
manufactured by W. G. PYE AND CO., LTD. (Cambridge). The experiments 
were carried out at 150 °C detector temperature and 1 500 V detector voltage, 
using argon as carrier gas at a flow rate of 50 cm3 per minute. 
The inaccuracy of the gas Chromatograph with respect to the amplitude 
was 5%, with respect to the end-value of the H O N E Y W E L L type compensograph 
connected to it, it was 0.5%. With this arrangement 10"3 to 10~6 cm3 of gas 
per cm3 of carrier gas could be determined per second. 
Since diffusion rate is an exponential function of the temperature, it was 
essential to keep the temperature at a constant value during measurements. 
Temperature was controlled by an ultrathermostat using water as heat transfer 
medium. The reliability of the switch which regulated the heating of the ultra-
thermostat was ± 0 . 1 °C. 
A suitably constructed, mercury-filled capillary was used to signal the 
gas pressure differences between the adsorption and desorption spaces of the 
diffusion cell, while gas pressure was equalized, i.e. stabilized by a specially 
constructed, also mercury-filled pressure-equalizing device with adjustable 
counter-pressure. The two devices together served at the same time as protection 
against any possible over-pressure in the apparatus. 
The measurements were carried out at 30 °C in 5 replicates. 
1.2.3. Determination of water vapour permeability. The diagram of the 
apparatus constructed for the determination of the water vapour permeability 
of polymer films after treatment with radurizing radiation doses is shown in 
Fig. 3. 
Acta Alimentaria 4, 1975 
2 5 6 V A R S Á N Y I : GAS AND VAPOl Ii P E R M E A B I L I T Y OF I R R A D I A T E D PACKAGING M A T E R I A L S 
The apparatus consists of the following parts: device containing phos-
phorus pentoxide for the drying of the carrier gas (I), pressure equalizer (2), 
diffusion cell (.3), instrument for measuring the amount of vapour which has 
passed through the membrane (4), gauge measuring the quantity of carrier 
gas (5). 
The diffusion cell is the same as the one described above. The quantity 
of water vapour which diffused through the membrane was determined by 
means of the Moisture Monitor type 2 6 3 9 3 of the firm B E L L AND H O W E L L , 
G m b H , used generally for the detection of water vapour in gases. This appa-
Fig . 3. D iagram of t h e a p p a r a t u s u s e d for t h e d e t e r m i n a t i o n of p e r m e a b i l i t y t o w a t e r 
vapour . 1 — dry ing c o l u m n packed w i t h p h o s p h o r u s p e n t o x i d e t o r e m o v e all t races of 
water f r o m the carrier gas ; 2 — pressure equal izer; 3 — di f fus ion cell; 4 -— d e v i c e t o 
measure t h e q u a n t i t y of d i f f u s e d water vapour; 5 — f l o w m e t e r 
ratus signals the quantity of water vapour on the principle of electrical con-
ductivity, that is of electric dialysis. The phosphorus pentoxide adsorbed 
between platinum wires of known resistance and kept under known voltage 
binds the water in the gas passing through the apparatus, so that a current 
will flow between the very closely situated platinum wires, while the phosphor-
us pentoxide is regenerated and the water decomposed into hydrogen and 
oxygen. These latter are then removed bv the carrier gas. Since the resistance 
of the measuring cell changes as a function of the quantity of adsorbed water 
on the phosphorus pentoxide, the quantity of water vapour in the unit volume 
of gas passing through the system can directly he read off a suitably calibrated 
ammeter. 
The measurements were carried out by placing the cleaned and dried 
membrane into the diffusion cell (-3) (Fig. 3) whose temperature was adjusted 
and controlled with the help of an ultrathermostat using water as heat transfer 
medium. 
The flow of the carrier gas was then started through a pressure reducing 
valve mounted on the gas cylinder. Any traces of water which might possibly 
interfere with the measurements were removed from the carrier gas prior to 
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entering througli the diffusion ceil the instrument, by allowing it to flow 
through 50 cm high, phosphorus pentoxide filled columns of 5 cm internal 
diameter. Drying of the system was continued till the sensing instrument 
signalled a zero water vapour concentration which meant at the same time 
that the entire system was free of disturbing traces of water vapour. 
Next, twice distilled water was introduced into the adsorption side of 
the diffusion cell through inlet (1) (Fig. 2) and the carrier gas flowing into the 
desorption space (4) and leaving from there through outlet (5) now con-
taining the water molecules which had passed through the membrane was 
introduced into the sensing instrument (4) (Fig. 3) whose needle showed a 
deflection proportional to the concentration of the water vapour in the carrier 
gas. Since the sensing device was factory-calibrated into water vapour con-
centration units (in ppm), the permeability constant could be determined from 
the quantity of water vapour passing through the membrane in unit time 
as indicated by the needle of the instrument - , the thickness of the polymer 
membrane and the size of its active surface being known. 
Pressure differences between the adsorption and desorption spaces were 
equalized by a specially constructed mercury pressure equalizer. The gas 
mixture leaving the instrument for the determination of the quanti ty of water 
vapour was let out into the open through a device measuring the quantity of 
gas flow. 
The flow rate of the nitrogen gas used as carrier was 100 cm 3 min - 1 , the 
reliability of the instrument which measured the quantity of water vapour 
was, with reference to the total deflection of the needle, + 5 % . The reliability 
of the switch of the ultrathermostat which regulated the temperature of the 
diffusion cell was +0 .1 °C. Since the quantity of water vapour which flowed 
through the membrane could directly be read in ppm concentration units 
from the scale of the instrument, the calibration of the latter was not necessary. 
Depending on the permeability of the membrane the duration of a single 
measurement varied between 20 and 138 minutes. 
The water vapour permeability constant of polymer membranes treated 
with 0, 50, 100, 200, 400 and 800 krad doses, respectively, was determined at 
30 °C. Five measurements were performed at this temperature. 
1.2.4. Determination of the crystalline part. Investigation of the changes 
induced by radiation treatment in the crystalline to amorphous ratio of 
polymers had a twofold objective. On the one hand, the aim was to check the 
results obtained hv permeability measurements by another method, while it 
appeared desirable from the point of view of food hygiene to find out whether 
radiation treatment has caused a transformation in the structure of the poly-
mer leading perhaps to degradation. 
The ratio of the crystalline par t in polyethvlenes was calculated on the 
basis of the work of N I C H O L S ( 1 9 5 4 ) , H E N D U S and S C H N E L L ( 1 9 6 1 ) , K O C H K I N A 
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( 1 9 6 8 ) , and D I E T L ( 1 9 6 9 ) from the intensities of the absorption bands at 1 2 9 9 
c m - 1 and 1 887 c m - 1 wavenumbers. 
Polypropylene was studied according to the evaluation method of ABE 
a n d Y A N A G I S A W A ( 1 9 5 9 ) , B R A D E R ( 1 9 6 0 ) , L U O N G O ( 1 9 6 0 ) , M I Y A Z A W A ( 1 9 6 4 ) 
from the intensity quotient for the bands at 973 c m - 1 and 998 e m - 1 . 
In the case of Polyvinylchloride the syndyotactic ratio, i.e. t he crystalline 
part of the polymer was determined in agreement with the work of B U R L E I G H 
(1960), E N O M O T O (1961), S H I P M A N and co-workers (1962), P R E S T O N and 
L A W S O N (1964) and K R I M M (1965) from the value of the optical density 
quotient at 603 cm_1/634 c m - 1 as characteristic of the syndyotactic/isotactic 
ratio. 
With respect to polyvinylidene chloride changes in the vinyl chloride/ 
vinylidene chloride ratio were determined on the basis of the work of E L L I O T 
( 1 9 5 9 ) , N A R I T A and co-workers ( 1 9 5 9 ) , K R I M M ( 1 9 6 0 ) and G R O E B E L ( 1 9 6 8 ) 
with the help of the optical density quotient pertaining to the 1 206 cm _ 1 / l 255 
c m - 1 wave-bands. 
The ratio of the ordered crystalline part to the amorphous part in poly-
ester was investigated according to the suggestions of C O B B S and B U R T O N 
( 1 9 5 3 ) , G R I M E a n d W A R D ( 1 9 5 8 ) , M I Y A K E ( 1 9 5 9 ) , Z A C H M A N N a n d S T U A R T 
( 1 9 6 1 ) and H E F F E L F I N G E R and S C H M I D T ( 1 9 6 5 ) . In the crystalline configuration 
the two hydrogen atoms on two neighbouring carbon atoms of ethylene glycol, 
which links the aromatic rings with an ester-tvpe bond, are in a /raws-position. 
For the determination of the ratio of the (m»s-isomer the value of absorption 
at 975 c m - 1 was related to the absorption value at 794 cm - 1 . The effect of 
radiation treatment was determined from the correlation between specific 
density and crystal content published in the literature. 
The measurements were performed with carefully cleaned strips of films 
at room temperature and at atmospheric moisture content, using the U N I C A M 
S P 2 0 0 and C A R L Z E I S S , J E N A , U R 1 0 recording spectrophotometers. 
1.2.5. Evaluation of the results. The results were statistically evaluated. 
The distribution of the standard deviation of the average values calculated 
from the experimental results was checked by means of the Bartlett test and 
if found to originate f rom a homogeneous population, the average values were 
compared by analysis of variance (SVÁB, 1967). 
The calculations were performed on the O L I V E T T I P R O G R A M M A 1 0 1 and 
H E W L E T T - P A C K A R D it 1 0 0 В type table computers. 
2. Results 
The effect of t reatment with food pasteurizing (radurizing) doses on the 
crystalline to amorphous ratio and on the permeability of various polymer 
membranes to gases and water vapour was studied. The average values (x) and 
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standard deviations (d; s) of the permeability constants and of the ratio of the 
crystalline part are presented in the form of column diagrams, where the 
height of the columns represents the average values and the length of the 
vertical bar twice the standard deviation. 
2.1. Permeability to gases and water vapour 
The permeability to gases and water vapour was determined after 
t reatment with food-pasteurizing doses of 50, 100, 200, 400 and 800 krad at 
30 °C and characterized by the permeability constant (P) which is expressed 
in cm2 s e c - 1 t o r r - 1 units. Untreated polymer films tested under identical 
conditions served as controls. 
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Fig. 4. Comparison of the average values and s tandard deviat ions (I) of the permeabi l i ty 
cons tants of a 0 .0040 e m thick low dens i ty p o l y e t h y l e n e membrane a f ter t r e a t m e n t wi th 
radurizing gamma-rad ia t ion t o nitrogen, o x y g e n , carbon dioxide and water vapour a t 
30 °C. An in terva l of 1 to 28 d a y s elapsed b e t w e e n irradiation and measurement . Co lumns: 
7 — 0 krad; 2 — 50 krad; 3 — 100 krad; 5 — 400 krad; 6 — 800 krad 
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Fig . 5. Comparison of the average values and s tandard deviat ions (I) of the permeabi l i ty 
cons tant s of a 0 .0038 cm thick high dens i ty p o l y e t h y l e n e membrane a f t er t r e a t m e n t wi th 
radurizing gamma-rad ia t ion to nitrogen, o x y g e n , carbon dioxide and water vapour a t 
30 °C. A n interva l of 1 to 35 d a y s elapsed b e t w e e n irradiation and measurement . Co lumns: 
7 — 0 krad; 2 — 50 krad; 3 — 100 krad; 4 — 200 krad; .5 — 400 krad; 6 — 800 krad 
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Fig. 6. Comparison of the a v e r a g e values and s tandard dev ia t ions (I) of the permeabi l i ty 
cons tants of a 0 .0040 c m th ick po lypropylene m e m b r a n e a f ter treatment with raduriz ing 
gamma-radia t ion to ni trogen, o x y g e n , carbon d iox ide and water vapour a t 30 °C. A n inter 
val of 1 t o 33 d a y s elapsed b e t w e e n irradiation a n d measurement . Columns: 1 — 0 krad 
2 — 50 krad; 3 — 1 0 0 krad; 4 — 200 krad; 5 — 400 krad; 6 — 800 krad 
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Fig . 7. Comparison of (lie a v e r a g e values and s tandard dev ia t ions (I) of the permeabi l i ty 
cons tants o f a 0 .0030 c m thick Polyvinylchlor ide m e m b r a n e a f ter irradiation wi th raduriz-
ing g a m m a - r a y s to n i trogen, o x y g e n , carbon d iox ide and w a t e r vapour at 30 °C. A n 
interval of I t o 34 d a y s e lapsed be tween irradiat ion and m e a s u r e m e n t . Columns: 7 — 0 
krad; 2 — 50 krad; 3 — 100 krad; I — 200 krad; 5 — 400 krad; 6 — 800 krad 
The results of the determination of the permeability of low density 
polyethylene to nitrogen, oxygen, carbon dioxide and water vapour is illus-
trated in Fig. 4. 
The measurements were performed 1 to 28 days after irradiation. 
The values of the permeability constants of high density polyethylene to 
nitrogen, oxygen, carbon dioxide and water vapour are shown in Fig. 5. 
The measurements were performed during 35 days after irradiation. 
The results of the determination of the permeability of polypropylene to 
nitrogen, oxygen, carbon dioxide and water vapour are illustrated in Fig. 6. 
The measurements were performed 1 to 33 days after irradiation. 
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Fig . 8. Comparison of t h e average va lues and standard dev ia t ions (J) of the permeabi l i ty 
c o n s t a n t s of a 0 .0030 c m thick p o l y v i n y l i d e n e chloride m e m b r a n e a f t er t r e a t m e n t with 
raduriz ing gamma-radia t ion to ni trogen, o x y g e n , carbon dioxide and water v a p o u r a t 
30 °C. A n interval of 1 to 34 days e lapsed b e t w e e n irradiation and m e a s u r e m e n t . Columns: 
7 0 krad; 2 — 50 krad; 3 ' 100 krad; 4— 200 krad; .5— 400 krad; 6 — 800 krad 
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Fig. 9. Comparison of the average va lues and standard dev iat ions ( I ) o f the permeabi l i ty 
c o n s t a n t s of a 0 .0020 c m thick po lyes ter f i l m af ter t rea tment w i t h radurizing gamma-
radiat ion t o nitrogen, o x y g e n , carbon d i o x i d e and water vapour at 30 °C. A n interval of 
1 t o 36 d a y s elapsed be tween irradiation and measurement . Columns: 7 — 0 krad; 2 — 50 
krad; 3 - 100 krad; 4 — 200 krad; .5 - 400 krad; 6 — 800 krad 
In the case of Polyvinylchloride t he results of the determination of the 
permeability of the polymer film to nitrogen, oxygen, carbon dioxide and 
water vapour are shown in Fig. 7. 
The measurements were carried out 1 to 34 days after irradiation. 
The results of the determination of the permeability of polvvinvlidene 
chloride to nitrogen, oxygen, carbon dioxide and water vapour are illustrated 
in Fig. 8. 
There was an interval of 1 to 31 days between irradiation and the 
measurement of permeability. 
The results of the determination of the permeability of polyester to 
nitrogen, oxygen, carbon dioxide and water vapour are illustrated in Fig. 9. 
The measurements were performed 1 to 35 days after radiation treatment . 
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It appears from the figures that the differences between the averge 
values of permeability constants are always smaller than the differences 
between the average values d; the standard deviations. This finding is sup-
ported by the result of two-factor analysis of variance according to which 
heat treatment caused a very highly significant difference in the permeabilities, 
while radiation treatment caused no significant difference. 
2.2. Proportion of the crystalline part 
Changes in the ratio of the ordered, crystalline part to the amorphous 
par t was calculated from the infrared absorption spectra of polymer membranes 
without radiation treatment and after irradiation with doses of 50, 100, 200, 
400 and 800 krad. The results plotted as column diagrams show the appro-
Fig . 10. Infrared absorpt ion spec tra of untreated a n d irradiated (800 krad) 0 .0040 c m 
t h i c k low dens i ty p o l y e t h y l e n e m e m b r a n e s and compar i son of the rat io of the crystal l ine 
region in m e m b r a n e s treated w i t h var ious doses as a f u n c t i o n of dose level. Photometry 
performed i m m e d i a t e l y a f t er irradiat ion. Columns: 1 — 0 krad; 2 — 50 krad; 3—100 
krad; 4 — 200 krad; 5 — 400 krad; 6 - 800 krad 
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priate sections of the spectra of the untreated samples and of samples which 
have been treated with 800 krad. Photometry immediately followed 
irradiation. 
The results obtained for low density polyethylene are shown in Fig. 10, 
those for high density polyethylene in Fig. 11, for polypropylene in Fig. 12, for 
Fig. 11. Infrared absorpt ion spectra o f untreated and irradiated (800 krad) 0 .0038 c m 
thick h i g h density p o l y e t h y l e n e m e m b r a n e s and comparison of the rat io of crystal l ine 
region in membranes treated with var ious doses as a function of dose level . P h o t o m e t r y 
p e r f o r m e d immediate ly a f ter irradiat ion. Columns: 1— 0 krad; 2 — 50 krad; 3—100 
krad; 4 — 200 krad; 5— 400 krad; 6 — 800 krad 
Polyvinylchloride in Fig. 13, for polyvinvlidene chloride in Fig. 14 and for 
polyester in Fig. 15. 
I t appears quite clearly from the figures tha t irradiation caused a slight, 
and by no means unidirectional change in the crystalline proportion of the 
polymers. The column diagrams show further tha t the differences between the 
average values (expressed in per cent) of the crystalline par t s ^ the s tandard 
deviations are always smaller than the differences between the average values. 
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Fig . 12. Infi •ared absorption spectra of untreated and irradiated (800 krad) 0 .0040 em 
thick polypropylene membranes and comparison of the ratio of the crystalline region in 
membranes treated with various doses as a funct ion of dose level . Photometry performed 
immediate ly a f t e r irradiation. Columns: / — 0 krad; 2 — 50 krad; 3— 100 krad; 4 — 
200 krad; .5 — 400 krad; 6 — 800 krad 
The results of one-factor analysis of variance were essentially in agree-
ment with the above, since in none of the cases could a significant difference he 
detected between the proportions of the crystalline parts as a function- of 
radiation treatment. 
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Fig. 13. Infrared absorption spectra of untreated and irradiated (800 krad) 0 .0030 era 
thick Polyvinylchloride membranes and comparison of the ratio of the crystalline region 
in membranes treated with various doses as a function of dose level. Photometry per-
formed immediate ly a f ter irradiation. Columns: 1 — 0 krad; 2 — 50 krad; 3 — 100 krad; 
4 — 200 krad; 5 — 400 krad; 6 — 800 krad 
Acta Alimentaria 4, 1975 
2 6 6 VARSÁNYI: GAS A N D VAPOUR P E R M E A B I L I T Y OF I R R A D I A T E D PACKAGING M A T E R I A L S 
Ш 
и 
< 
о: 
70; 
k r a d 0 
6 0 
5 0 ' 
ДО' 
3 0 ' 
20-
10' 
\ \ 
11 \ A f \ F \ J J 
1 
/ 
1255 w Í V t í 
1206 / / / L 
•70 
1Д00 1200 1000 (cm"') 
1Л о 
> - о 
er 
CJ Z 
о 
ш 
X 
LL 
О 
< er 
о 
ш 
er 
30 
20 
10 
I I I I I I I I I I I 
1 2 3 Д 5 6 
30 
20 
10 
J S t a n d a r d d e v i a t i 
Fig. 14. Infrared absorption spectra of untreated and irradiated (800 krad) 0.0030 cm 
th ick polyv inyl idene chloride membranes and comparison of the ratio of the crystalline 
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Fig . 15. Infrared absorpt ion spectra of untreated and irradiated (800 krad) 0 .0020 c m 
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3. Conclusions 
The results of measurements intended to disclose the effect of radiation 
treatment on permeability are summed up in Figs. 4 to 9. It appears clearly 
from the figures and from the results of analysis of variance that doses of800 krad 
cause no significant difference in permeability compared to the permeability 
of untreated polymer films, at the same temperature and to the same per-
meating substance. 
It follows from these observations that doses smaller than 800 krad will 
cause no changes which might result in significant differences of the sorption 
or diffusion parameters of, that is in the mechanism of permeability through 
the investigated polymers. This in fact means that doses of radurizing effect 
do not represent energies which might cause a change in t he number of active 
sites from the aspect of adsorption, or an excited state which might influence 
the free route within the polymer, that is the extent of active volume from the 
point of view of permeability. 
Beyond these theoretical considerations another conclusion can also be 
drawn: namely that for membranes treated with ionizing gamma-radiation 
the features for the permeability of untreated membranes are valid without 
correction. This is a very favourable finding from the practical point of view. 
The results of the determination of the ordered crystalline part in poly-
mers as a function of radiation treatment unequivocally support the above 
findings. As illustrated in Figs. lOto 15 radiation treatment causes no significant 
change in the crystalline part of polymers, compared to that of untreated 
polymers. Thus ionizing gamma-radiation of 800 krad causes or initiates no 
change in the structure of polymers whicli could be detected by infrared 
photometry. 
This finding is of particular importance as far as the food industry is 
concerned, since it means that doses even as high as 800 krad will not induce 
changes in the investigated polymers which might influence unfavourably 
their hygienic properties. Thus, these polymers can be treated with radurizing 
doses even when in direct contact with the foodstuff. 
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DETERMINATION OF PECTINMETHYLESTERASE, 
POLYOALACTURONASE AND PECTIC SUBSTANCES 
IN SOME FRUITS AND VEGETABLES 
P A R T I. S T U D Y I N T O T H E P E C T O L Y T I C E N Z Y M E C O N T E N T O F T O M A T O E S 
K . P O Z S Á R - H A J N A L and M . P O L A C S E K - R Á C Z 
(Rece ived J u n e 13, 1974) 
A f t e r i n v e s t i g a t i n g the c o n d i t i o n s of e n z y m e e x t r a c t i o n f r o m the t o m a t o 
t i s sues , t h e p H o p t i m u m of p e e t i n m e t h y l e s t e r a s e (PME) w a s f o u n d t o be p H 7.5, 
whi l e t h a t of po lyga lac turonase (PG) w a s 4.5. 
T o determine the P G a c t i v i t y incubat ion at 50 °C p r o v e d to be m o s t 
su i tab le . The P M E a c t i v i t y was m e a s u r e d a t 30 °C, t h o u g h the a c t i v i t y was establ ish-
ed a t 50 °C was a b o u t 3 0 % higher. 
P e c t i n s es ter i f i ed to a higher degree form a be t t er subs tra te for P M E 
a c t i v i t y measurement , whi le for t h e a s s e s s m e n t of PG a c t i v i t y p e c t i n s of l ower 
e s t er i f i ea t ion are m o r e sui table . 
T h e a c t i v i t y w a s s tudied as a f u n c t i o n of react ion t i m e and e n z y m e con-
cen tra t ion . As seen f r o m t h e results , in t h e f irst s tage o f the react ion, P M E a c t i v i t y 
was in d irect proport ion w i t h both r e a c t i o n t ime and e n z y m e concentrat ion . T h e 
r e d u c t i o n of v i scos i ty a n d degree o f b r e a k d o w n as caused b y P G a c t i v i t y s h o w e d 
a l inear correlation w i t h the square r o o t of react ion t i m e a t an e n z y m e - s u b s t r a t e 
rat io s u i t a b l e from t h e measur ing t echnica l aspect for t he react ion to take p lace . 
A t t h e s a m e react ion m i x t u r e c o m p o s i t i o n , a c t i v i t y and e n z y m e concentra t ion are 
in l inear correlation in a wide range. 
T h e pec to ly t i c e n z y m e a c t i v i t y was s tudied in fresh frui ts , in fruit f rozen 
in t h e laboratory, in s a m p l e s c o m m e r c i a l l y quick-frozen and at various s tages o f 
r ipening . The PG a c t i v i t y was found t o decrease during frozen storage , whi le t h e 
P M E a c t i v i t y remained almost u n c h a n g e d . H o w e v e r , upon freez ing and t h a w i n g 
r e p e a t e d l y the a c t i v i t y o f both e n z y m e s was reduced. B o t h t h e P G and P M E 
a c t i v i t y increased dur ing ripening in t h e fruit t issue. W h e n t o m a t o e s were 
e x p o s e d t o a f ter -r ipening in the refrigerator the P M E a c t i v i t y was found to 
decrease , while the PG a c t i v i t y increased . 
Texture change (softening) taking place in fruits and vegetables during 
ripening and storage is probably due mainly to the enzymic degradation of 
pectin, responsible for the firmness of plant tissues. This process may become 
undesirable during storage (VAS, 1 9 5 4 ) . There are a great number of ways of 
breakdown, dependent on the kind of product and on the pectin and pecto-
lytic enzyme present in the tissues of the plant under investigation. Thus it is 
very important to study the pectin and pectolytic enzyme components of the 
individual fruits and vegetables ( D O E S B U R G , 1 9 6 5 ; Gizis, 1 9 6 4 ) . 
The knowledge of the pectin and the pectolytic enzyme components of 
tissue of a certain produce may help in the selection of varieties of longer 
storage life, or, by the appropriate adjustment of storage conditions or by 
inhibition of enzymes, to extend their storage life. 
Pectolvsis plays an important part in fruit juice production, too, by way 
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of increasing the juice yield ( T Ö R Ö K et ál., 1 9 5 3 ) and of clarification ( V A S , 
1 9 5 3 ) . Several enzyme components take part in the breakdown of pectin, 
which are present simultaneously and therefore their activity is difficult to 
measure individually. Two enzyme components were investigated in this study. 
Pectinmethvlesterase (PME) hvdrolyzes the methylester bonds of the 
pectin chain built from methylated galacturonic acids. In this reaction carb-
oxyl groups are liberated beside the formation of methyl alcohol. The quantity 
of the carboxyl groups thus liberated may be determined by titration with 
alkali ( K E R T E S Z , 1 9 5 5 ; K O V Á O S - P R O S Z T , 1 9 6 5 — 1 9 6 6 ) . Other methods are based 
on determining the methyl alcohol liberated. In this study the former method 
was used. 
Polygalacturonase (PG) is a depolvmerizing enzyme and degrades by 
hydrolysis the glucoside bonds of the main chain of polygalacturonic acid. In 
plant tissues, however, a precondition of its activity is 'lie demethylating 
activity of PME, since the completely methylated pect in cannot be attacked 
by PG. The PG activity is not affected by the breakdown products, but a 
lower activity is observed in relation to shorter chains. The first step during 
pectolvsis is the reduction of viscosity in the reaction mixture, next the 
cloudiness decreases and finally the reducing capacity increases. The latter two 
changes appear only af ter a significant drop in viscosity. The increase in 
reducing capacity is difficult to follow in fruit extracts because there are many 
other reducing substances present in the juice. Thus the PG activity of the 
various fruit extracts was characterized by their viscosity reducing capacity 
( V A S . 1 9 5 3 ; Z E T E L A K I - H O R V Á T H , 1 9 7 2 ) . 
Of the fruits studied the highest pectolvtic activity was found in toma-
toes. Therefore tomatoes were used to investigate the properties of plant 
tissue pectinase (temperature dependence, pH optimum, kinetic studies). The 
results obtained were utilized in relation to other fruits, though it is not sure 
that the parameters found optimal in the case of tomatoes, are optimal with 
the enzymes of other fruits. However, in the other fruits tested these enzymes 
occur only in lower quanti ty, sometimes just detectable, therefore those are 
not suitable for detailed examination. In addition, since only a small amount 
of tomato was needed in the substrate, the substrate present in the extract 
beside the enzyme did not affect the result. On the other hand in other fruits, 
where the enzyme containing extract in relation to the substrate is high, the 
pectin content in the extract may cause trouble. 
In the first part of this series an account is given of the pectolytic 
enzymes in the tomato tissue. 
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1. Materials and methods 
1.1. The fruit tested 
The tomatoes used in the investigations were bought on the market. 
They were tested fresh, after storage in the refrigerator at + 5 °C and —20 °C, 
resp. In certain cases commercially frozen tomatoes ( M I R E L I T E F A C T O R Y , Buda-
pest) were also used. 
1.2. Enzyme extraction from the plant tissue 
In the study of tissue enzymes one of the most important tasks is to 
liberate the enzyme from the plant tissues. Many different methods of ex-
traction were applied by a great number of authors ( K O V Á C S - P R O S Z T , 1965 — 
1966; P A T E L & P H A F F , 1960a; V A S et at., 1967). The following method was 
applied by the present authors: distilled water or 5 % NaCl solution ("brine"), 
or 1/15 M Sörensen phosphate buffer of pH 7.5 containing 5 % NaCl was 
added in tlie proportion of 1 : 1 to the comminuted fruit. A suspension was 
made of the mixture in a blade homogeniser. The homogenate was kept in the 
refrigerator overnight, then filtered through a cheese-cloth and centrifuged in 
a refrigerated centrifuge. The supernatant was used in the experiments. The 
effect of the various enzyme components was studied in identical extracts. 
In certain cases the sediment obtained upon centrifuging was mixed 
1 : 1 with a suitable solvent (brine, buffer containing salt) kept for an hour at 
room temperature and filtered through a cheese-cloth. The sediment was thus 
washed I 3 times and the effect of residual activity was tested. 
1.3. Substrates used in activity measurement 
To measure the PME activity, a 0.5% solution of Obipektin "Violett-
hand" ( O B I P E K T I N A . G., Bischofszell, Switzerland, apple pectin of 30— 36% 
esterification), or a 0 .5% Pomosin solution ( P O M O S I N - W E R K E , о т Ь н , FRG, 
apple pectin of about 70% esterification) were used. The pH of the sub-
strate was adjusted with NaOH to p H 7.5 prior to measurement. Hereinafter, 
the Obipektin preparation will he called low-ester pectin (0), while the Po-
mosin preparation high-ester pectin (P). 
To measure the PG activity 0 .5% low-ester pectin, dissolved in distilled 
water, or Mcllvaine buffer of pH 4.5, was used. To find the most suitable sub-
strate solutions of high-ester pectin were also tested. 
1.4. Determination of PME 
PME activity was measured by the modified method of Kertesz (VAS et 
at., 1967). 8ixtv ml were taken of the 0.5% pectin solution (pH 7.5) as de-
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scribed in para. 1.3, an adequate amount of fruit extract was added, the pH 
was rapidly readjusted and the mixture t itrated with 0.1 N NaOH for 10 min. 
During titration the pH was kept at a constant level. The amount of alkali used 
was recorded every min. The reaction was carried out at 30 °C in a thermostat. 
Titration was carried out with the impulse titrator, Type O P 5 0 4 ( F Ő V Á R O S I 
F I N O M M E C H A N I K A I V Á L L A L A T , Budapest). The quanti ty of fruit extract 
was chosen to use possibly about 0.5 ml min - 1 alkali solution. With toma-
toes, the sample used was 5 ml (or less, made up with the extraction solu-
tion to 5 ml). 
When the pH-optimum of the enzyme was investigated, both the sub-
strate and the reaction mixture were adjusted to the required pH and kept at 
it during the reaction. 
To establish the temperature optimum, identical volumes of the fruit 
extract were used as for the investigation of the p H optimum. The substrate 
and the fruit extract were adjusted to the optimum pH and tested at reaction 
temperatures 30, 40 and 50 °C, respectively. Activity or enzyme concentration 
in the fruit extract is calculated as follows: 
PME(üml-)= 1 0 0 
where a = 0.1 N NaOH used, ml, 
e = amount of fruit extract, ml, 
t — reaction time, min. 
In the knowledge of the enzyme concentration in the extract the enzyme 
concentration in 1 g fruit or vegetable was calculated. 
e • t 
1.5. Determination of PG 
To determine PG activity in fruit extracts of high activity a continuous 
viscometric method was developed. To 10 ml of the 0.5% low-ester pectin 
solution (pH 4 . 5 ) , depending on the enzyme activity, 0 . 4 — 0 . 6 ml appropriately 
diluted tomato extract was added after preheating. The mixture was blended 
by air injection. Degradation was carried out at 50 °C and the reduction of 
viscosity was measured during the first 10—20 min of the reaction at the same 
temperature with the Ostwald viscometer, modified according to Hungarian 
Standard 3 2 5 6 ( M N O S Z 3 2 5 6 ) . For control the same amount of tomato extract, 
only boiled, was used with the substrate. 
The degree of degradation (D) was calculated on the basis of the water 
delivery time (6—7 sec), and the time of delivery of the blank (24- 26 
sec) and the enzyme-containing samples. D is the percentage decrease 
in specific viscosity as related to the viscosity of the blank and is cal-
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culated on the basis of the following equations: 
Relative viscosity: r/rel — - ^"'i1'1 
G a t e r Л 
Specific viscosity: rjsp = rjrel ] 
D = '?spC ~ r?spS . 100 = 100 — -1 0 0 ^sps 
VspC VspC 
where t — time of delivery (sec), 
Ispc = specific viscosity of the blank, 
pspS — specific viscosity of the sample. 
Activity was characterized by the 50% specific pectolytic activity 
(SPA50), understood to mean the number of ml of 0.5% pectin solution de-
graded in 10 min to 50% by the extract obtained from 1 g tomato. The activity 
was not characterized by degradation per min, because in case of enzyme con-
centrations, where viscosity degradation could easily be followed (when 50% 
degradation was reached in 5—15 min), D was in linear correlation with the 
square root of reaction time and not with the reaction time itself. Therefore, 
the concentration of the tomato extract was adjusted in relation to the given 
amount of substrate so as to obtain unit activity in measurements at 1-min 
intervals that is to reach 50% D in 10 min. In the knowledge of the enzyme 
concentration required the enzyme content of 1 g tomatoes of various maturity 
and differently treated may be calculated by linear interpolation. 
The standard deviation of the described method of PG determination, 
measured in 6 replicates (n = 6), and expressed as percentage of the mean, 
was ±4 .5%. 
2.1. Enzyme extraction 
Enzyme extraction was carried out with distilled water or NaCl solution, 
or a buffer solution containing 5% NaCl. For the sake of comparison the 
extracts were prepared from the same tomato batches and to test their effi-
ciency the enzyme concentrations were related to values obtained in brine. 
Results are given in Table 1. 
As seen in the table the PME activity obtained in the salt-containing 
buffer solution was 1.63 ± 0.56 times that obtained in brine, while the PG 
activity was 1.26 ± 0.15 times higher. The PG activity in brine was 5—7 
times that obtained in distilled water. A final salt concentration above 2.5% 
seemed to reduce PG activity. 
We have examined on five occasions even that in what degree the to-
tal activity measurable in the brine-homogenized pulp could be obtained for 
the extract. We could only carry out these experiments on the PME en-
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zvme component, as measuring PG activity is disturbed by the fibre part 
of tomato. 
The results indicated that 011 average 66 % (s = +36 ) of the PME ac-
tivity being measurable in 1 g pulp could be obtained for the liquid. 
The bond between the fruit tissue and the enzyme in brine and in salt-
containing buffer solution was studied by repeating the extraction three 
times. The activities of the individual extracts expressed as percentage of the 
total activity are shown in Fig. 1. 
Table 1 
The influence of the solvent upon the extraction of enzyme components* 
Enzyme 
Extracted in 
Standard No. of 
water brine buffer + salt 
deviation extractions 
PG 15% 100% 126% ± 1 5 9 
PME 
— 
100% 163% ± 5 6 11 
* Expressed as percentage of the brine extract 
As seen in the figure the first extract contains the major part of the total 
PME and PG activities, 76 and 81%, respectively. By washing of the fibres 
the activity obtained may be increased by about 15 16%. In subsequent 
experiments only one extraction was applied. 
Fig. 1. Extrac t ion of P M E and PG enzymes from tomatoes b y repeated e lut ion. Sub-
strate: low-ester pectin; so lvent : brine and buffer containing sal t , extraction m a d e in 3 
replicates. Measurement of I'ME act iv i ty: a t 30 °C in 6 replicate . Measurement of l'G 
act iv i ty a t 50 °C in 5 replicates. Data represent the act ivity of the extracts as percentage 
of total ac t iv i ty . Vertical bars (I) represent the standard dev iat ions based on 6 or 5 
measurements , respectively 
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2.2. Measurement of PME 
2.2.1. PME activity as a function of reaction time and enzyme concentration. 
In Fig. 2 the alkali required to keep the pH of the react ion mixture at a con-
stant level (pH 7.5) and the carboxyl groups proportionately liberated (in 
micromole) are shown as a function of the reaction time. 
600 
500-
Ü 400 
о 
E 3. 
о 300 
200 
100 
0 
/ A 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
Standard 
deviation 
—I 1 г— 
4 6 8 10 t(min) 
Fig. 2. Liberation of galacturonic acid ((7) as a function of react ion t ime (t). Substrate : 
high-ester pectin. E n z y m e solution: brine ex trac t of tomatoes . Measurement: a t 30 °C. 
N u m b e r of parallel measurements = 8. E q u a t i o n of the regression line: G = 54.Sit + 0 .2; 
r = 0.999 
100 
7C 80 
Ё 
Q> 
О 60 
E 3. 
> 
40 
20 Standard deviation 
1 2 3 4 5 E (ml) 
Fig. 3. Correlation between reaction rate (г>) and P M E e n z y m e concentrat ion (E = 
t o m a t o e x t r a c t in the reaction mixture) . Substrate: high-ester pect in . E n z y m e so lut ion: 
t o m a t o e x t r a c t in buffer conta ining salt . Measurement at 30 °C. N u m b e r of parallels = 4. 
Equat ion of the regression l ine: v = 20.5E + 1 . 4 ; r = 0.997 
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In the initial phase of the reaction the alkali requirement is steadily in-
creasing, thus, the initial rate of reaction may be characterized by the slope of 
the linear section. Thus PME enzyme concentration of the fruit extract tested 
can be calculated by the equation as given in para. 1.4. and can be related to 
1 g of fruit. 
The correlation between the concentration of the fruit extract and the 
reaction rate was also linear. This is illustrated in Fig. 3. 
ид"
1 
Fig . 4. F r e q u e n c y distr ibution o f the P M E concentrat ion (U g ~ 0 o f t o m a t o extracts in 
brine on low-ester pect in (О) a n d high-ester pect in (P) , at 30 °C. N u m b e r of samples: 
О = 18; P = 15 
In order to be able to select the substrate of appropriate degree of 
esterification, the PME activity was determined with both the low-ester and 
the high-ester pectin. The activity distributions on the 2 substrates are shown 
in Fig. 4. 
As seen, with the low-ester pectin the PME concentration in 72% of the 
18 tomato samples was 10—25 U g _ 1 , while with the high-ester pectin 67% 
of the 15 tomato samples had a PME concentration of 30—45 U g " 1 . The 
enzyme concentration as measured with the high-ester pectin was, on the 
average, 2.44 (s = +0.8) times higher than the value obtained with low-ester 
pectin, thus the former seemed a more suitable substrate to measure PME 
activity. 
2.2.2. The j>H optimum of PME. In the case of a brine ext ract of tomatoes 
the correlation between PME activity and pH was studied on the two sub-
strates of different degrees of esterification in 3 parallel measurements. The 
reaction mixture was of the same composition every time. The measurements 
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were carried out in the pH range 4.0—8.5 at pH 0.5 intervals. The reaction 
rate as a function of pH is shown in Fig. 5. 
As seen, on the low-ester pectin the PME activity is measurable from p H 
4.5, while on the high-ester pectin from pH 5.5. The maximum reaction rate 
was measured on both substrates at pH 7.5, however the values obtained in 
the range pH 7.0—8.5 did not differ to a significant degree. On the low-ester 
substrate the reaction rate was lower at pH 7.5, but this did not differ signifi-
cantly from the values obtained in the range pH 5.0- 6.5. 
2.2.3. PME activity as affected by temperature. PME activity was measured 
in the brine extract of tomatoes at temperatures 30, 40 and 50 °C, respectively. 
The effect of temperature on PME activity is illustrated in Fig. 6. 
As seen, in the first 6—8 min of the reaction time the alkali consumption 
increases steadily, thus the slope of the curve is characteristic of the reaction 
100 
£ 80 
60 
40 
2 0 -
0 
/ Í V 
/ / H i 
S t a n d a r d 
dev ia t ion 
-1 1 1 1 1 г 1 1 1  
4.0 5.0 6.0 7.0 8.0 pH 
- 80 
® 6 0 
о 
E 
n . 
40 
20 
« — x — x -A 
/ 
.A 
/ 
/ Hs 
4.0 5.0 6.0 7.0 8.0 pH 
Fig . 5. S tudy of t h e p H o p t i m u m of t h e P M E a c t i v i t y of t omato e x t r a c t in brine on l ow-
ester pect in (0 ) and high-ester p e c t i n (/ ') , at 30 °C. v = reaction rate; number of parallel 
measurements = 3 
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rate. The reaction rate values, as obtained at 30 and 40 °C,do not differ signifi-
cantly, while those measured at 50 °C were highly significantly higher 
(P = 09.9%). The PME concentration in 1 g tomato was 30% higher at 50 °C 
than at 30 °C. In spite of this, measurements were carried out at 30 °C, in 
accordance with the international recommendations. 
2.2.4. The effect of maturation and storage on the PME activity of tomatoes. 
The PME activity as measured in tomatoes at various times are given in 
Table 2. 
e 
a . 
800 
700 -
600 
5 0 0 
400 
3 0 0 
200 
100-
Sign i f icant level of d i f f e r e n c e 
b e t w e e n the regress ion coeff ic ients 
40 °C 50 °C 
30 °c — xxx 
40 °C \ X X X 
50 °C 
Standard 
deviation 
10 t (min) 
Fig. 6. I n f l u e n c e of temperature on the P M E act iv i ty of t o m a t o extracts. Liberation of 
galacturonic acid (G) as a funct ion of react ion time (f). Substrate: high-ester pectin. 
E n z y m e solut ion: tomato e x t r a c t in brine. N u m b e r of parallels = 3. Equat ions of the 
regression l ines: at 30 °C в = Ti At — 18.0, r = 0.098; at 40 °C G = 77.0? — 5.7, r = 
= 0.999; a t 50 °C G = 93 .1«— 1.3, r = 0 .999; x x x = difference between the regression 
coeff ic ients , significant at the 99.9% probabi l i ty level; — = difference not s ignif icant 
The PME activity of tomatoes frozen in the laboratory from the hatch 
studied during 1972, and several times thawed and refrozen (1/f) was about one 
third of tha t measured in the fresh sample (1). The activity of half-ripe, com-
mercially quick-frozen tomatoes (2) ( M I R E L I T E FACTORY, Budapest) and of the 
half-ripe tomatoes grown in hot-house early in 1973 (3) was also low and con-
stituted about 3 0 — 5 0 % of that of the samples studied at a riper stage (4, 5) . 
The activity of samples frozen in the laboratory and kept frozen continuously 
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Table 2 
PME and PG activities of various tomato samples in 1 g of fruit, 
as measured on low-ester substrate 
Designation of sample and 
date of analysis State of tomato tested 
PME activity 
II g" 1 
PG activity 
SPA„ 
1 1972-10-16 fresh, ripe 23.5 103 
1/f 1972-11- 1973-3 frozen in the laboratory, 
thawed several times 16.0 60 
2 1973-2 1973-4 commercially frozen 12.7* 47* 
3 1973-6-25 fresh, half-ripe, from hothouse 7.3 58 
4 1973-7-4 fresh, ripe 30.2 
-
4/a 1973-7-12 stored at + 5 ° C 17.2 92 
5 1973-7-18 fresh, ripe, new sample 21.2 82 
5/a 1973-7-23 stored at + 5 ° C 
-
112 
6 1973-7-27 fresh, ripe, new sample 16.6 101 
6/a 1973-7-30 stored at + 5 ° C — 122 
7 1973-9-5 fresh, ripe, new sample 27.1 
7/f 1973-11-8 frozen in the laboratory, stored 26.0 75 
8 1973-10-1 overripe, fresh 16.2 128 
9 1973-10-8 fresh, ripe, new sample 14.8 114 
9/f, 1973-11-8 frozen in the laboratory, stored 14.9 66 
9/h 1974-2-8 frozen in the laboratory, stored 15.4 65 
10 1973-10-24 Lucullus, fresh 19.0 132 
— = not studied 
f — a part of the fresh tomato sample of the same number, after several months frozen 
storage 
a = a part of the fresh tomato sample of the same number, kept in the refrigerator 
for several days 
Results marked * are the mean values of 5 parallel measurements, the rest being the 
result of individual measurements. 
for one or several months was also tested and was found to comply with that 
of the original sample (samples 7 and 7/f; 9, 9/f, and 9/f2, resp.). If, however, 
the tomatoes were kept in the refrigerator for 1 week without being frozen 
(at + 5°C), the PME activity decreased by about 45% (samples 4 and 4/a). 
2.3. Measurement of PG activity 
2.3.1. PG activity as affected by temperature and the substrate. The influence 
of the temperature and of the quality of the substrate upon PG activity in the 
brine extract of tomatoes was investigated. The extract was mixed with the 
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0.5% solution of the low-ester or the high-ester pectin and incubated at 40 °C 
or 50 41, respectively. The results are shown in Fig. 7. 
As seen in the figure, the low-ester pectin is a better substrate for the PG 
enzyme than the high-ester pectin. At 50 °C a higher PG activity was measured 
than at 40 °C. Therefore in fur ther experiments PG activity measurements 
were carried out at 50 °C on the low-ester pectin as substrate. 
Fig. 7. Measurement of the P G a c t i v i t y of t omato e x t r a c t on low-ester pec t in ( 0 ) and on 
h igh-es ter pectin (P) at 40 and 50 °C, resp. Degree of breakdown (D) a s a funct ion of 
reac t ion time (i). Substrate : 10 ml o f a 0 . 5 % pect in so lut ion of p H 4.5. E n z y m e solution: 
o b t a i n e d of commerc ia l ly frozen t o m a t o e s (marked 2, see Table 2), 1 ml brine-extract , 
d i lu ted 4-fold 
In the figures illustrating PG activity the deviation of results is not 
shown, because, due to the accuracy of the method, when measurements were 
repeated from the same solution the results were highly similar ( V = ±4.5%), 
thus it seemed superfluous to replicate and it would have been impossible to 
illustrate the slight differences. 
Out of the components of the reaction mixture only the substrate may he 
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preheated to 50 °C, because the enzyme gradually becomes inactivated if the 
tomato extract is kept at 50 °C for a longer period. This is shown in Fig. 8 on 
a tomato extract kept for various periods at 50 °C. 
Thus the tomato extract was preheated only to 30 °C for the measure-
ment. This did not cause a substantial error in the activity measurement, since 
the quantity of the tomato extract is very low in comparison to that of the 
substrate. I t is sufficient to add 0.4—0.6 ml of appropriately diluted tomato 
extract to 10 ml substrate, thus the initial temperature and thereby the 
initial rate of reaction does not change substantially. 
8 10 t(min) 
Fig. 8. The e f fec t of the preheating t ime at 50 °C upon the 14! a c t i v i t y of tomato ex trac t . 
Degree of breakdown (D) as a function of t h e reaction time (t). Substrate: 10 m l of a 
low-ester pect in solution of p H 4.5. E n z y m e solution: 1 ml t o m a t o extract in brine, 
diluted 4-fold (sample 1/f, see Table 2). Preheat ing time: 2, 30 and 90 min, resp. 
Measurement at 50 °C, every min 
2.3.2. PG activity as a function of reaction time. The development of 1) 
as a function of reaction time upon the addition of various amounts of tomato 
extract is shown in Fig. 9. 
The figure shows the viscosity-reducing effect of a brine extract of 
tomatoes on low-ester pectin substrate as a function of time. The standard 
deviation, expressed as percentage of the average of 3 replicates, was 3.9%. 
I t is apparent that in this concentration range (between 0.4 and 0.6 ml) the 
reduction of viscosity reaches 50% D in about 5- 15 min. Thus it is easy 
and simple to measure the reduction of viscosity and D is in linear corre-
lation with the square root of reaction time and not with reaction time itself. 
This correlation is valid up to about 70% degradation and it is not valid for 
higher enzyme concentrations (0.8—1.0 ml). Therefore tha t enzyme quanti ty 
was considered of unit activity, which was sufficient to reach, under the 
experimental conditions, 50% D in 10 min. In the knowledge of this it is pos-
sible to calculate, by linear interpolation, the specific pectolytic activity re-
lated to 1 g tomato and based on this the PG activity of various tomato batches 
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may be compared. Since the activity of the individual batches depends on 
their maturity and storage conditions, to obtain unit activity different 
enzyme concentrations (quantity of extract, dilution) are required. Above 
70% D the amount of polygalacturonic acid components of shorter chain 
-1 \ r-
1 2 3 
Vt (min) 
F i g . 9. Correlation bet ween d e g r e e of breakdown (D) and react ion t ime (t) during P G 
a c t i v i t y measurement . Substrate : 10 ml of a 0 . 5 % low-ester p e c t i n solution of p H 4 .5 . 
E n z y m e so lut ion: 0.2, 0.4, 0.6, 0 . 8 and 1.0 ml, respect ive ly , of a t o m a t o extract in brine , 
di luted 4-fold, prepared of s a m p l e 1/f frozen in t h e laboratory (Table 2). Measurement: 
a t 50 °C during 10 min, every m i n . Number of paral le l m e a s u r e m e n t s = 3. Mean v a l u e 
o f the variation coef f ic ient {V) 3 . 9 % . Equat ions o f the regression l ines: at 0.4 ml D = 
= I 3.54 + 1.5, r = 0 . 9 8 0 ; at 0.6 ml D = 24.ÓÍ + 2.1, r = 0.970 
increases. The affinity of PG enzyme to these components is lower, therefore, 
the rate of degradation decreases (VAS, 1953). 
2.3.3. PG activity as a function of enzyme concentration. I) as a function 
of enzyme concentration is shown in Fig. 10. 
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It is apparent that in the range between 15 and "0% D, the latter is in 
direct proportion to the enzyme concentration needed for the degradation; 
50% D, used to calculate unit activity, is in the middle of this range. 
2.3.4. PG activity as a function of the pH of the reaction mixture. The cor-
relation between polygalacturonase activity and the pH of the reaction mixture 
was also studied. The pH of the aqueous solution of the low-ester pectin is 
3.6—3.8. This was adjusted to 4.0, 4.2, 4.5, 4.8, 5.0, 5.5 and 6.0, resp., with 
100-
80 
g 
D 60 
40 
20 
0 
Fig. 10. Degree of breakdown (D) as a func t ion of enzyme concentrat ion (E, ml tomato 
extract in the reaction mixture) during P G a c t i v i t y measurement . Substrate: 10 ml of a 
0 .5% low-ester pect in solut ion of pH 4.5. E n z y m e solution: 0.2, 0.4, 0.6, 0 .8 and 1.0 ml, 
respect ive ly , of the brine ex trac t of a t o m a t o sample (Table 2), di luted 4-fold. Measure-
ment : a t 50 °C. React ion t imes: 1, 3, 5 and 10 min , respectively. Number of parallels == 3. 
Mean value o f the variation coeff icient ( F ) : 3 .0%. Equat ions of the regression lines: at 
1 min D = 7 4 . I E — 16.5, r = 0.970; at 3 m i n D = 89 .0E — 11.2, r = 0 .960; at 5 min 
D = 113.3E — 12.0, r = 0.980; at 10 min D = 154.6E — 16.1, r = 0 .990 
phosphate-citrate buffer. The degree of degradation as a function of pH at 
various reaction periods is illustrated in Fig. 11. 
As seen, the activity rapidly decreases below pH 4.0 and above p H 5.0, 
while in the range between pH 4.0—5.0 it hardly changes. Thus in the ex-
periments the pH of the substrate was adjusted to pH 4.5. 
In the low-ester pectin solution of pH 4.5 the PG activity originating 
from tomatoes is about 4.5 times higher than in the aqueous substrate of pH 
3.6 -3 .8 . 
2.3.5. The influence of ripening and storage upon the PG activity of tomatoes. 
The PG activity of the brine extract of fresh and frozen tomatoes of different 
maturity and stored in different ways was determined. Results are given in 
Table 2. 
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On the basis of the activity data of tomatoes, studied during 1973, it was 
established that PG activity increased with the advance of ripening. This was 
apparent in samples harvested at various stages of ripening and the activity 
was found to increase during after-ripening in the refrigerator at - f5 °C . In 
contrast to this, the PME activity decreased during storage in the refrigerator. 
It seems tha t the PG enzyme is damaged by freezing the tomatoes in the 
laboratory to — 20 °C. The activity of the extracts prepared after thawing of 
Fig. 1 1. PG a c t i v i t y (degree of breakdown, D) as a funct ion of the p H of the react ion 
mixture . Substrate : 10 ml of a 0 . 5 % low-ester pect in so lut ion. p H 3.6, 4.0, 4.2, 4.5, 4.8, 
5.0, 5.5 and 6.0, resp. E n z y m e so lut ion: 0.5 ml of t h e brine ex trac t of t o m a t o sample 2 
(Table 2), und i lu ted . Reac t ion t i m e : 2, 4, 6 and 10 min , resp. Measurement: a t 50 °C 
the samples was about 40% lower than that of the fresh sample (samples 1/f, 
9/f, and 9/f2). The PME activity of the same samples, however, remained un-
changed (samples 7, 7/f; 9, 9/f, and 9/f2). Both activities were damaged by 
repeated thawing and freezing (samples 1 and 1/f). 
3. Conclusions 
The results of these experiments prove the observations found in the 
literature (VAS et ál., 1967), according to which pectolvtic enzymes may be 
more successfully extracted with a NaCl solution than with water (Table 1). 
A solution of 2.5% NaCl was found to be (he optimum concentration, a higher 
concentration usually reduced the activity. In preparing tomato extracts a 
1/15 M, pH 7.5 buffer solution proved even more effective than the salt solution. 
The buffer extract from 1 g tomato had a PG activity 1.3 times higher, and a 
PME activity 1.6 times higher than the brine extract. 
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By washing the homogenate several times the intensity of the adherence 
of the enzyme to the tissues was tested. For both the PME and the PG, the 
first extract contained the major part, 76 and 81%, respectively, of the total 
activity (Fig. 1). Thus the first extract was used to study the tissue enzymes 
of tomatoes. 
This study on PME activity corroborated the observation reported in 
the literature, namely that the amount of gluconic acid liberated during de-
esterification in the initial phase of the reaction was directly proportional 
both reaction time and enzyme concentration (Figs. 2 and 3) (VAS et al., 1967;  
N A K A G A W A et al., 1 9 7 0 ; K O V Á C S - P R O S Z T , 1 9 6 5 — 1 9 6 6 ) . 
On studying PG activity it was found that with enzyme concentrations 
suitable to follow the change in viscosity with time, in other words, when 50%  
D is reached within 5—15 min, D is in direct proportion to the square root of 
reaction time (Fig. 9). After reaching 70% I), however, presumably due to the 
accumulation of polygalacturonic acid components of shorter chains, the 
reaction rate decreases (VAS, 1 9 5 3 ) . 
When PG activity was studied as a function of enzyme concentration, at 
the same enzyme—substrate ratio, a linear correlation prevailed over an 
extended range ( 1 5 — 7 0 % D) (Fig. 1 0 ) . 5 0 % D, used to calculate the activity 
of the extracts, is almost at the middle of this linear phase. 
The pH optimum of PG activity was found, in accordance with literature 
data (PATEL & P H A F F , 1 9 6 0 B ) , between j>H 4 and 5 , thus the pH of the sub-
strate was adjusted to 4.5 (Fig. 11). The pH optimum of PME activity was 
observed at 7.5 (Fig. 5). Similar observations were made by VAS and co-work-
ers ( 1 9 6 7 ) , L E E and M A C M I L L A N ( 1 9 6 8 ) and N A K A G A W A and co-workers 
( 1 9 7 0 ) while studying P M E activity in tomato enzyme preparations. 
The PME activity of tomatoes is 30% higher at 50 °C than at 30 °C 
(Fig. 6). This is in accordance with the observation of certain authors ( K O V Á C S -
P R O S Z T , 1 9 6 5 — 1 9 6 6 ) while in contradiction to those of others (VAS et al., 1 9 6 7 ) .  
The PG activity was also higher at 50 °C than at 40 °C (Fig. 7). 
On studying the quality of the substrate a high-ester pectin was found 
more suitable for PME activity measurement, while a low-ester pectin proved 
to be better for the measurement of PG activity. However, both activities 
could be measured on both substrates (Figs. 4 and 7). 
The activity of both enzymes was found to be higher in ripe fruit than in 
half-ripe one (Table 2). This observation is in accordance with those of authors 
investigating the change of pectolytic activity in various fruits during ripening 
( R O U S E et al., 1 9 6 2 , 1 9 6 4 ; N A G E L & P A T T E R S O N , 1 9 6 7 ; P R E S S E T et al., 1 9 7 1 ) .  
During after-ripening in the refrigerator the PME activity decreased (samples 
4 and 4/a), while PG activity increased (samples 5, 5/a, 6 and 6/a). The activity 
of the extract did not change during storage in the refrigerator for 1 or 2 days. 
When frozen under laboratory conditions no change was observed in the PME 
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activity as compared to that of the fresh fruit, but the PG activity decreased 
(samples 7 and 9). Both activities were damaged by repeated freezing and 
thawing (sample 1). 
Since these experiments were carried out in a single season on a few 
samples only, they are of informatory nature only. It would be of interest to 
perform activity measurements on several samples during several seasons 
parallel to the study of the pectin content and pectin components of the same 
samples. 
* 
T h a n k s a r e d u e to E . H E G E D Ü S - V Ö L G Y E S I , É . F R I M M - M I Z S E I and I . N A G Y fo r the i r 
co -ope ra t ion in t h e e x p e r i m e n t s . 
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DETERMINATION, LOCALIZATION 
AND HEAT INACTIVATION 
OF PEROXIDASE IN SOME VEGETABLES 
K . M I H Á L Y I a m i L . V Á M O S - V I G Y Á Z Ó 
(Rece ived S e p t e m b e r 2, 1974) 
A m e t h o d was a d a p t e d f r o m t h e l i t e r a t u r e t o m e a s u r e t h e p e r o x i d a s e 
a c t i v i t y of v e g e t a b l e h o m o g e n a t e s . T h e p o t a t o v a r i e t y "Gi i l b a b a " was app l i ed as 
a mode l s u b s t a n c e t h r o u g h o u t t h e e x p e r i m e n t s a n d ac t iv i t i e s of a n o t h e r 11 prod-
u c t s were d e t e r m i n e d u n d e r t h e a p p r o p r i a t e r eac t ion cond i t ions . A c t i v i t y 
m e a s u r e m e n t w a s based on Ihe s p e c t r o p h o t o m e t r i c d e t e r m i n a t i o n of t h e opt ica l 
d e n s i t y (a t I c m p a t h l eng th , OD) of t h e r eac t i on p r o d u c t f o r m e d b y oxygen 
l ibera ted f r o m the s u b s t r a t e H T L upon e n z y m e ac t ion a n d a c h r o m o g e n i c sub-
s t a n c e a d d e d t o t h e reac t ion m i x t u r e . A l inear p lo t was o b t a i n e d b e t w e e n OD a s 
measu red a g a i n s t a b lank a n d reac t ion t i m e , t h u s e n z y m e a c t i v i t y m a y be cha rac -
te r ized by t h e s lope of t h e regress ion cu rve , i.e. b y t h e c h a n g e in OD p e r m i n . T h e 
e n z y m e is cons ide red t o be of u n i t a c t i v i t y if it b r ings a b o u t a c h a n g e in OD of 
1 • I 0 - 3 p e r m i n . On t h e bas i s of (he r e l a t i onsh ip b e t w e e n reac t ion r a t e a n d sub-
s t r a t e c o n c e n t r a t i o n the o p t i m u m va lue of t he l a t t e r was found t o b e 0 . 0 2 5 % 
(w/v) H A L (7.35 • I Oy3 M ) . 
P e r o x i d a s e a c t i v i t y of " G ü l b a b a " p o t a t o e s shows a m a x i m u m a t p H 5.0. 
E n z y m e a c t i v i t y increases wi th t e m p e r a t u r e in t h e range f r o m + 7 t o + 5 5 °C. 
Heat r e s i s t ance a n d r e a c t i v a t i o n c a p a c i t y of pe rox idase a f t e r b e a t t r ea t -
m e n t a re d i f f e r e n t for d i f f e ren t p r o d u c t s . P e r o x i d a s e a c t i v i t y in p o t a t o e s is zero 
a f t e r a h e a t t r e a t m e n t of 10 m i n a t 95 °C, w h e r e a s in koh l rab i a c t i v i t y is m e a s u r a b l e 
even a f t e r e x p o s u r e s of t h e s a m e d u r a t i o n t o t e m p e r a t u r e s a b o v e 100 °0 a n d re-
a c t i v a t i o n of t h e e n z y m e m a y be obse rved , t oo . 
T h e v a l u e s of pe rox ida se a c t i v i t y in h o m o g e n a t e s of d i f f e ren t vege tab le s 
were found t o d i f f e r by o rde r s of m a g n i t u d e . T h e a c c u r a c y of t h e m e t h o d appl ied 
is h ighly s a t i s f a c t o r y : coe f f i c i en t s of v a r i a t i o n of paral le l d e t e r m i n a t i o n s a r e 
be low 5 % ( t h e n u m b e r of paral le l d e t e r m i n a t i o n s ranged f r o m (i t o 15). 
P e r o x i d a s e ac t i v i t y m a y be d e t e c t e d "in situ" in t h e t i ssues by t h e benz id ine 
r eac t ion . P e r o x i d a s e a c t i v i t y is h ighe r in t h e t i ssues n e a r t h e skin of t h e p r o d u c t s , 
d i s t r i b u t i o n s in t h e t issues is h o m o g e n e o u s in black r ad i sh a n d p o t a t o e s , whereas 
t h e e n z y m e o c c u r s in zones of h igher a c t i v i t y in head of celery. 
The enzyme peroxidase has long been known to cause deleterious changes 
in the colour, taste and flavour substances of vegetables and fruits. The role 
and properties of the enzyme have, nevertheless, been dealt with by many 
authors even in recent studies since peroxidase activity is a characteristic 
biochemical factor of quality not only in vegetable or fruit processing but also 
in judging cereal grains (GARDNER et al., 1 0 6 9 ) . Changes in peroxidase activity 
and the role of the enzyme in flavour formation were studied during ripening 
of soybeans ( R A C K I S et al., 1 9 7 2 ) and trials were undertaken to find a relation-
ship between the occurrence of the enzyme and lignin formation in pears 
( R A N A D I V E & H A A R D , 1 9 7 2 ) . Many research workers were concerned with heat 
resistance, reactivation capacity and inhibition of the enzyme ( E M B S & 
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M A R K A K I S , 1 9 6 9 ; E S S E L E N & A N D E R S O N , 1 9 5 6 ; M I T C H E L L & R U T L E D G E , 1 9 7 3 ;  
R O T H E & S T Ö C K E L , 1 9 6 7 ; V O I R O L , 1 9 7 2 ; W E I N R Y B , 1 9 6 6 ; W I N T E R , 1 9 6 8 ) . 
However, the methods used to measure enzyme activity are not uniform 
and investigations into the optimum conditions of measurement are not 
described in the respective papers. 
The investigations published here were aimed at adapting a suitable 
method from the literature to determine peroxidase activity of vegetables. This 
involved establishing optimum concentrations of substrate and enzyme for 
measurement with a given "model" vegetable and applying the method thus 
developed to study pH and temperature dependence of activity as weil as heat 
resistance and reactivation of the enzyme after heat treatment in some of the 
products. Further objectives of the work consisted in applying the method to 
various horticultural products in order to study possible relationships between 
their respective peroxidase activities and pH values or moisture contents. 
Finally, beside establishing activity values in vegetable homogenates, the 
study was completed by detecting the localization of enzyme activity in some 
of the vegetable tissues by means of a histochemical reaction. 
1. Materials and methods 
1.1. Materials 
1.1.1. The horticultural products. Potatoes of the variety "Giil baba" as 
purchased in 20-kg lots from primary producers at Budapest markets were 
used to establish the conditions of measurement of peroxidase activity. Enzyme 
concentrations are related to wet weight of potatoes with the exception of 
Table 1 where the respective values are expressed as related to solids content, 
too. 
The method of measurement was applied to determine the respective 
peroxidase activities of horseradish, cultivated mushrooms, green paprika, 
head of celery, early and winter kohlrabi, turnips, early and black radish, 
asparagus and onions. These, too, have been purchased from primary producers 
and stored at 4 °C until utilization. 
1.1.2. The substrate. A fresh substrate solution was prepared daily from 
3 0 % , analytical grade hydrogen peroxide (manufactured by R E A N A L , Buda-
pest) with distilled water. 
1.1.3. The o-phenylene diamine solution. A 1% solution of analytical 
grade o-phenylene diamine (manufactured by R E A N A L ) in 96% ethanol 
served to indicate peroxidase action. 
1.1.4. Buffer solutions. A 0.2 M pH 4.0 sodium acetate—acetic acid 
buffer (18 ml 0.2 M sodium acetate -f- 82 ml 0.2 M acetic acid) was used to 
prepare the homogenates of the vegetables. 
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The reaction mixtures were adjusted to pH 5.0 (see para. 1.2.1) with a 
0.2 M pH 5.0 sodium acetate—acetic acid buffer (70 ml 0.2 M sodium acetate -f-
30 ml 0.2 M acetic acid). 
Disodium hydrogen phosphate—citric acid (Mcllvaine) buffers in the 
pH range of 2.4 to 8.1 ( D A W S O N et al., 1959) were used to study the pH-
dependence of peroxidase activity. 
1.2. Methods 
1.2.1. Preparation of the reaction mixture and determination of enzyme 
activity. Three pieces each of the products were selected in every series o^ 
measurements to prepare the homogenate. These were peeled and finely diced 
with a stainless steel knife. 10 g of this material were homogenized for 5 min 
with 90 ml of pH 4.0 buffer in an Atomix homogenizer equipped with knives. 
(The pH 4.0 buffer was applied to inhibit enzyme reaction during commi-
nution.) 
Depending on enzyme activity the homogenates of the products were 
further diluted with the pH 4.0 buffer prior to activity measurement. The final 
concentrations of the different vegetables as applied in the reaction mixtures 
are listed in Table 1. One or two ml of the diluted homogenate were pipetted 
into 50-ml wide-neck conical flasks and made up to 10 ml with pH 5.0 buffer. 
The blank contained in a total volume of 10 ml oidv the buffers of pH 4.0 and 
5.0 in the same ratio as the reaction mixture. 
The flasks were preheated to 25 °C in a 24-place water bath "Vibrotherm" 
manufactured bv L A B O R M I M , Budapest, and 1 ml each of o-phenylene di-
amine solution as well as 1 ml each of hydrogen peroxide solution were pipet-
ted both to the blanks and to the solutions containing the enzyme. 
After combining the reaction components the mixture was incubated 
under shaking (aeration of 0.036 mmole 02 per min) at 25 °C. 
After reaction periods of 0, 5, 10, 15, 20 and 25 min, respectively, three 
flasks each of the reaction mixtures and one flask each of the blanks were 
removed from the water bath. 2 ml portions of saturated sodium hydrogen sulfite 
solution were added to each enzyme-containing sample to stop the reaction 
and the reaction mixtures were made up to 20 ml by adding 6 ml of 96% 
ethanol. Blanks were treated similarly. After filtration through a folded 
filter the OD as obtained against the blank incubated for the same period 
were read in a MOM 203 type spectrophotometer at 420 nm. Thus each analysis 
comprised 1 blank and 3 parallel samples containing the enzyme. 
1.2.2. Selection of optimum concentrations of substrate and enzyme, respec-
tively. Analyses were carried out with the following concentrations in order to 
establish optimum values for substrate and enzyme, resp.: 
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Concentration of the po ta to 
homogenate 
(%.w/v) 
0 . 0 1 6 6 
0 . 0 2 5 0 
0 . 0 3 3 3 
0 . 0 4 1 5 
Concentration of the sub-
strate 
(%, w/v) M • 1II-» 
0 . 0 0 6 3 1 . 8 3 
0 . 0 1 2 5 3 . 6 8 
0 . 0 1 8 8 5 . 2 3 
0 . 0 2 5 7 . 3 5 
0 . 0 3 3 9 . 7 0 
0 . 0 5 0 1 4 . 7 0 
1.2.3. Relationship between peroxidase activity and pH. The effect of pH 
on tlie peroxidase activity of potatoes was studied in the pH-range of 2.46 to 
8.1(1 at the following pH-values beside the extreme ones: 3.43, 4.66, 4.76, 
5.10, 5.67, 6.60 and 7.05. Enzyme activity was determined as described in 
para. 1.2.1. pH values of the reaction mixtures were checked in a Radiometer 
PHM 4 pH-meter. 
1.2.4. Study of the effect of temperature. 
1.2.4.1. Measurement of the peroxidase activity of potatoes as a function of 
temperature. The relationship between peroxidase activity and temperature 
was measured in the range of 7 to 55 °C at 7, 15, 25, 35, 45 and 55 °C, resp. in 
reaction mixtures of pH 5.0. 
1.2.4.2. Study of heat resistance of the enzyme. After having reached the 
temperature desired, the potato homogenates were kept for 10 min in a water 
bath at 65, 75, 85, 90 and 95 °C, resp., in order to establish heat resistance of 
the enzyme. Following heat treatment residual activities were measured at 
25 °C and pH 5.0, according to para. 1.2.1. In this series of experiments the 
homogenates of the products were prepared with distilled water. 
1.2.4.3. Study of the reactivation of the enzyme after heat treatment. 
Reactivation of the enzyme peroxidase was studied in homogenates of potatoes 
and winter kohlrabi, respectively. After heat treatment (10 min at 95 °C for 
potatoes and equally 10 min at 90, 95, 100, 110 and 120 °C, resp, for kohlrabi) 
the suspensions were kept at 25 °C for 0, 1 and 2 as well as for 24 h, resp., and 
residual activities were determined according to para. 1.2.1. Heat treatments 
at 90, 95 and 100 °C were carried out in a water bath and those at 110 and 
120°C in an autoclave. 
1.2.-5. Application of the method of measurement to various horticultural 
products. The homogenates of the products were prepared and activity meas-
urements carried out with all the horticultural products investigated according 
to para. 1.2.1. 
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1.2.6. Histochemical studies. Cuttings of black radish, potatoes of the 
variety ''Gül baba" and heads of celery were prepared by means of freezing to 
demonstrate the enzyme peroxidase in the tissues. Peroxidase was detected by 
benzidine. The underlying principle of detection is the same as with o-phenylene 
diamine, namely that, in the presence of an oxygen donor (H202) as substrate, 
peroxidase is capable of catalyzing the oxidation of a colourless oxygen 
acceptor (in the present case benzidine) to a coloured product (benzidine blue). 
Thus the granuli containing peroxidase are stained blue and then slowly turn 
to brown. The brown colouration is due to a spontaneous secondary reaction 
product of benzidine blue ( T A N K A & K E L L E R , 1 9 6 5 ) . 
The histochemical reaction was performed in incubating solut ions of the 
pH values of 2.2, 3.6 and 5.0, respectively, at 25 °C with incubation periods 
of 1 min. 
1.2.7. Determination of the solids content of the products. Solids content 
of the products was assessed by drying to constant weight at 105 °C in an oven. 
1.2.8. Determination of the pH of the products. 40—50-g portions of the 
products were pulped (in some cases with the addition of distilled water) and 
the pH of the pulp was measured in a pH meter type Radiometer PHM 4 
(Copenhagen). 
1.2.9. Biometrical evaluation of the results. Activity measurements were 
carried out with 6 to 15 parallel samples. Linear regressions and standard 
deviations of the regression coefficients were calculated from individual values 
of 01) ( S V Á B , 1967). Correlation coefficients significant at the probability levels-
of 99.9 and 99% were marked *** and **, respectively. 
2. Results 
2.1. Reaction rate as a f unction of substrate concentration 
The relationship between reaction rate (v) as expressed in AOD per min 
and substrate concentration (%, w/v) for reaction mixtures containing 0.0063, 
0,0125, 0.П188, 0.025, 0.033 and 0.050% (w/v) hydrogen peroxide, resp., is 
illustrated in Fig. 1. 
According to the results reaction rate lias a maximum at a substrate 
concentration of 0.025% (w/v) which corresponds to 1 ml of 0.3% hydrogen 
peroxide in the reaction mixture of 12 ml. 
The reciprocal plot of reaction rate (1/v) vs. substrate concentration 
(1/S) in the range of substrate concentrations between 0.0063 and 0.025%. 
(w/v) is shown in Fig. 2. 
The value of the Michaelis constant as calculated from the regression 
curve is KM = 4.37 • 10~3 M and maximum reaction rate was found to he 
Fm.ix = 8.56 • 10~2 AOD min - 1 . 
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0 .08 
0.06 -
° 0.04 
0.02 
0.0125 
3.68 
0.0250 
7.35 
0.0375 
11.0 
0.050 % ( w / v ) 
14.7 10"3 M 
F i g . 1. R e l a t i o n s h i p be tween r e a c t i o n r a t e and s u b s t r a t e c o n c e n t r a t i o n in t he case of 
p o t a t o pe rox idase , v - reac t ion r a t e ( A O I ) m i n - 1 ) ; <S" = H„0.2 c o n c e n t r a t i o n % w / v a n d 
M , resp . ; p H = 5.0; T = 25 °C; p o t a t o c o n c e n t r a t i o n in t h e reac t ion m i x t u r e : 0 . 0 3 3 % 
(w/v , we t -we igh t bas is) ; m e a n v a l u e s a n d s t a n d a r d dev ia t ions of r e a c t i o n ra tes were 
ca l cu l a t ed f r o m d a t a of 6 para l le l s a m p l e s each . T h e vert ical b a r s i n d i c a t e s t a n d a r d 
d e v i a t i o n s (2s) 
0 1 , , , , , 
200 400 1/S 
F i g . 2. Relat i onsh ip b e t w e e n the r e s p e c t i v e rec iproca l va lues of r eac t i on r a t e a n d s u b s t r a t e 
c o n c e n t r a t i o n . ( E x p e r i m e n t a l c o n d i t i o n s as in F ig . 1.) v = r eac t ion r a t e , (AOD m i n - 1 ) ; 
S = s u b s t r a t e c o n c e n t r a t i o n , M\ e q u a t i o n , of t h e regress ion cu rve : \/v = 0.0512 • i/S + 
+ 11.68; r — 0 .96**; n = 4; v a l u e of t h e Michaelis c o n s t a n t : KM = 4.37 • 1 0 " 3 M ; 
f 'max = 8.56 • 10 ~ 2 AOD m i n - 1 (r = regression coef f i c ien t ; n = n u m b e r of po in t s of 
m e a s u r e m e n t ; I ' m a x = m a x i m u m reac t ion ra te ) 
2.2. Changes in optical density as a function of reaction time at different concen-
trations of the potato suspension 
The relationship between OD and reaction time (min) as obtained at 
potato concentrations of 0.0166, 0.0250, 0.0333 and 0.0415% (w/v, wet-weight 
basis) is presented in Fig. 3. 
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Fig . 3. Rela t ionship be tween OD a n d react ion t ime (t) a t various wet-weight po t a to con-
cen t r a t i ons (E). E q u a t ions of t he regression curves a t t he p o t a t o concen t ra t ion of 0 .0166% 
(w/v, wet-weight) : OD = 0.01051 + 0.026, r = 0.78***, n = 36, r 2 = 0.52; a t the p o t a t o 
concen t ra t ion of 0 .0250% (w/v, wet-weight) : OD = 0.021t + 0.013, г = 0.91***, n = 36, 
г
2
 = 0.83; a t the p o t a t o concen t ra t ion of 0.0333% (w/v, wet-weight) : OD = 0.033í + 
+ 0.041, г = 0.93***, n = 59, г2 = 0.86; a t the p o t a t o concen t ra t ion of 0 .0415% 
(w/v, wet-weight) : OD = 0.036í + 0.035, г = 0.92***, n = 52, г2 = 0.85. Regression 
equa t i ons were calculated f rom 6 to 12 individual values of OD each a t 6 react ion periods; 
p H = 5.0; T = 25 °C; S = 0 .025% (w/v). The vert ical bars indicate s t a n d a r d devia t ions 
(2s) 
0.04 
7 C 0.03 
E 
§ 0.02 
> 
0.01 -
0.0125 0.0250 0.0375 
E(°/. ,W/V) 
Fig . 4. The react ion ra te (v) as measu red a t d i f ferent wet-weight p o t a t o concent ra t ions 
(E ) . p H = 5.0; T = 25 °C; S = 0 .025% (w/v); t he ver t ical bars represen t the s t anda r s 
devia t ions (2s) as ob ta ined f rom 6 paral lel m e a s u r e m e n t s 
Applying the above concentrations the relationship between OD and 
reaction time is linear in the section of 0 to 25 min of incubation. The corre-
lation was found to be close with potato concentrations of 0.0250, 0.0333 and 
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0.0415% (w/v, wet-weight- basis) (г = 0.919, 0.936 and 0.923, respectively), 
while it was weaker with the sample of 0.0166% (w/v, wet-weight basis) 
potato content (>• = 0.785), but was proven highly significant in all the cases. 
On plotting reaction rate against potato concentration (Fig. 4), a linear 
increase in reaction rate is obtained in the range of potato contents between 
0.0166 and 0.0333% (w/v, wet-weight basis), a further increase in concen-
tration up to 0.0415% (w/v, wet-weight basis) results, however, in a decrease 
of the slope of the curve. 
2.3. Unit of enzyme activity 
Peroxidase activity is defined as the apparent reaction rate (rate of 
colour change), i.e. the change in OD per min. The characteristics of the linear 
section of the plot between OD and reaction time (Fig- 3) are calculated by 
linear regression from individual values of OD. The value of enzyme activity is 
indicated by the slope of the regression curve. 
The enzyme is considered to be of unit activity if it brings about a change 
in OD of 1 • 10"3 per min. Activity values of the products are related to unit 
wet-weight and will, hereafter, be referred to as enzyme concentration. In the 
table comparing enzyme concentrations of various vegetables (Table 1) the 
values are expressed as related to solids content of the product as well. 
2.4. Peroxidase activity as a function of pH 
Enzyme concentrations of potatoes are shown in Fig. 5. 
As can be seen from the figure, enzyme concentration varies with pH 
according to a maximum curve. At pH 2.46 activity is not measurable, then 
8 pH 
Fig. 5. Peroxidase concent ra t ion of the p o t a t o var ie ty "Giil b a b a " as a func t ion of p H . 
t = 25 °C; s = 0 .025% (w/v); p o t a t o concent ra t ion in the react ion m i x t u r e : 0.05% 
(w/v, wet-weight) ; the ver t ical ba r s represent s t andard dev ia t ions (2.s) as calculated f rom 
d a t a of 6 paral lel measuremen t s 
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a monotonous increase is noted up to about pH 5.0. The curve reaches a 
maximum between the pH values of 5.0 and 5.4. From pH 5.5 enzyme activity 
decreases with increasing pH and is below the limit of measurahilitv at pH 8.1. 
2.5. Peroxidase activity as a function of temperature 
The relationship between peroxidase concentration and temperature in 
the range of 7 to 55 °C is illustrated in Fig. 6. 
0 J 1 I 1 
20 40 60 T(°C) 
Fig. 6. Re la t ionsh ip be tween the concen t ra t ion of po ta to peroxidase and t e m p e r a t u r e . 
p H = 5.0; s = 0 .025% (w/v); po t a to concent ra t ion in the react ion m i x t u r e a t 7, 15, 25, 
35 a n d 45 °C, resp.: 0 .033% (w/v, wet-weight) , a t 55 °C: 0 .0166% (w/v, wet-weight) ; the 
vert ical ba r s represent s t anda rd devia t ions (2«) as calculated f r o m t h e d a t a of 6 parallel 
m e a s u r e m e n t s 
The figure shows an increase in activity with temperature over the whole 
range investigated. The increase in activity is less pronounced in the range 
between 7 and 35 °C than in the range from 35 to 55 °СЛ At temperatures 
above 55 °C uncontrollable processes resulting in brown -discolouration take 
place in the blanks as well as in the samples containing the enzyme and inter-
fere with the determinations. 
2.6. Heat resistance of the enzyme 
Figure 7 presents residual activities as determined at 25 °C in potato 
homogenates kept previously at 65, 75, 85, 90 and 95 °C, respectively, for 10 
min. Residual activities are expressed as % of the activity of a sample not 
exposed to heat and are plotted against temperature. 
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Fig . 7. Residual ac t iv i t ies of p o t a t o peroxidase as a func t ion of inac t iva t ion t empera tu re . 
Dura t ion of h e a t exposure: 10 m i n ; £ = 0 .025% (w/v); p o t a t o concent ra t ion in the 
reac t ion m i x t u r e : 0 .033% (w/v, wet-weight) ; t e m p e r a t u r e of ac t iv i ty de te rmina t ion : 
25 °C; p H = 5.0 
60 0 0 0 -
< 
er 
t— 
ш Д0 000 -
О Z 
О 
О 
< 
о 
Й 20 0 0 0 -
er 
Ч . 
Ч 
Ч 
2 Д 6 8 10 12 
t (min) 
Fig . 8. Residual act ivi t ies of p o t a t o peroxidase as a func t ion of the dura t ion of h e a t 
t r e a tmen t : -S = 0 .025% (w/v); p o t a t o concent ra t ion in t he reac t ion mix tu re : 0 .066% 
(w/v, wet-weight) a t 90 °C. A c t i v i t y measurements were carried ou t a t 25 °C and p H 5.0. 
T h e vertical ba r s represent s t a n d a r d deviat ions (2s) as calculated f r o m d a t a of 6 paral le l 
measuremen t s 
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After a 10-min exposure to 65 °C the potato homogenate retains 92.4% 
of its activity. The respective values for the higher temperatures are: 62.5% 
for 75 °C, 25.4% for 85 °C and 7.8% for 90 °C. A heat treatment for 10 min 
at 95 °C results in a virtually complete inactivation of the enzyme. 
The relationship between the duration of heat treatment and residual 
activity was investigated applying exposures to 90 °C. The results are given 
in Fig. 8. 
According to the results the decrease in peroxidase activity of potatoes 
is abrupt in the first two min and less marked in the following interval up to 
12 min. 
2.7. Reactivation of the enzyme 
In order to study the reactivation of the enzyme residual activities of 
potatoes exposed for 10 min to 90 °C were determined after storage at 25 °C 
for 0,1, 2 and 24 h, respectively. Residual activities did not vary with time. 
A different behaviour was observed, however, with kohlrabi. 
Heat t reatment 
Fig . 9. Reac t i va t i on of hea t t r ea t ed kohlrabi peroxidase . Residual act ivi t ies a f t e r dif-
fe ren t regenerat ion t imes . Dura t ion of hea t exposure : 10 min; s — 0 .025% (w/v); koh l rab i 
concent ra t ions in t h e reaction mix tu res : 0 .0004% (w/v, wet-weight) with the u n t r e a t e d 
a n d 0 .0004—0.08% (w/v, wet-weight) wi th t he h e a t t rea ted samples; ac t iv i ty measure-
m e n t s were carr ied o u t a t 25 °C and p H 5.0; t he ver t ica l bars indicate s t anda rd dev ia t ions 
as ca lcu la ted f rom the d a t a of 6 para l le l measurements 
The residual activities of kohlrabi homogenates exposed for 10 min to 
various temperatures in the range of 90 to 120 °C were determined after storage 
at 25 °C for 0, 1, 2 and 24 h, respectively. Residual actvities as expressed in 
percentage of peroxidase activity of an untreated sample are shown in Fig. 9. 
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According to the results residual activities as determined immediately 
after heat treatment are below 1.7%. Activity values as measured after 
identical durations of heat treatment and subsequent periods of waiting 
decrease with increasing temperature: after 10 min of heat exposure and 60 
min of waiting time residual activity was found to be 33.3% in the sample 
kept at 90 °C, while the respective values for the samples kept at higher 
temperatures were 29.0 (95 °C), 23.2 (100 °C), 10.7 (110 °C) and 2.1%(120°C). 
Reactivation at 25 °C occurs essentially in tlie first 2 h, the increase in 
activity as observed between 2 and 24 h did not prove significant. 
2.8. Utilization of the method of measurement to determine peroxidase concen-
trations of some horticultural products 
Peroxidase concentrations of various vegetables as determined under 
optimum conditions of measurement (0.025% w/v substrate concentration, 
pH 5.0, 25 °C) are summarized in Table 1. 
According to experimental data considerably different enzyme con-
centrations could be established for the various products by the technique 
developed. The lowest peroxidase concentration (2 637 U g - 1) was observed 
in cultivated mushrooms. The values found for onions, turnips, head of celery 
and potatoes (19 000 — 42 000Ug_ 1) are higher by one, those of green 
paprika, early radish, asparagus and early kohlrabi (125 000 to 330 000 L' g 1 ) 
by two orders of magnitude. Peroxidase concentrations are exceedingly high 
in black radish, horseradish and winter kohlrabi (1 to 2.5 million U g^1). 
2.9. Histochemical investigations 
As was to be expected considering the results of quantitative activity 
determinations, the benzidine test was positive for all the products investigat-
ed. In black radish (Fig. 10) and potatoes (Fig. 11) peroxidase is intense and 
of uniform distribution. However, owing to bad cutting conditions, localization 
of peroxidase could not be unambiguously established in the cuttings of 
potatoes. In the cuttings of head of celery (Figs. 12 and 13) the reaction be-
comes visible more slowly and the enzyme is localized in zones or fascicles. In 
all three products a higher concentration of the enzyme can be observed near 
the skin than in the central parts. 
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Table 1 
Peroxidase concentration of horticultural products 
Concentration of the pro-
duct in the reaction mixture 
Peroxidase concentration"! 
Moisture content 
of the product Name of the product wet-weight hasis dry-weight basis 
pH of the 
product (%. w/v, wet-weight basis) 
U g - ' + + .«+ + + U g - ' + + Л+ + + 
(%) 
Cultivated mushrooms 2 . 0 8 3 3 2 4 0 3 .3 2 0 3 7 . 3 3 0 . 3 9 0 . 9 0 .41 
Onions 0.41i)fi 1 704 5 4 . 9 19 173 .9 5 0 3 . 4 90 .8 5 . 5 8 
Turnips 0 . 3 3 3 3 5 2 5 0 182.2 21 2 5 5 . 0 7 0 7 . 0 7 5 . 3 0 . 1 2 
Head of celery 0 . 1 6 6 6 3 4 5 0 124.8 2 5 5 5 5 . 5 9 2 4 . 4 8 0 . 5 5 . 9 0 
Potatoes "Gül b a b a " 0 . 0 3 3 3 10 8 7 5 2 6 3 . 0 4 2 0 4 7 . 0 1 0 3 1 . 3 74 .5 6 . 2 0 
Green paprika 0 . 0 2 0 8 8 2 5 0 2 3 0 . 0 125 0 0 0 . 0 3 4 8 4 . 7 9 3 . 4 5 . 7 9 
Early radish 0 . 0 8 3 3 5 3 0 0 106 .0 130 7 3 1 . 0 2 5 8 6 . 3 9 5 . 9 0 . 2 0 
Asparagus 0 . 0 2 0 8 2(1 4 8 0 6 6 4 . 0 3 0 5 0 7 4 . 0 9 9 1 0 . 3 9 3 . 3 5 . 8 0 
Early kohlrabi 0 . 0 0 8 3 30 4 0 0 8 1 0 . 0 3 3 0 4 3 4 . 7 8 804 .1 9 0 . 8 0 . 2 5 
Winter kohlrabi 0 . 0 0 3 3 125 2 5 0 4 0 2 1 . 7 1 138 0 3 0 . 0 4 2 0 1 4 . 3 8 9 . 0 0 . 1 2 
Horseradish 0 . 0 0 0 8 5 0 8 7 5 0 19 3 7 0 . 0 1 087 8 5 0 . 0 57 483 .1 0 0 . 3 4 . 9 0 
Black radish 0 . 0 0 4 2 102 0 0 0 1 4 0 7 . 2 2 5 0 5 0 0 0 . 0 30 0 7 9 . 5 9 0 . 0 0 . 3 2 
+
 Conditions of measurement: Composit ion of reaction mixture : 1 ml 0-3% H..O.,, 1 ml 1% o-phenylene diamine, 1 or 2 ml homogenate of 
product , made up to 12 ml with pH 5.(1 buffer. Incubation at 25 °C for 0— 25 min under aeration, p H of the reaction mixture = 5.0. At the end 
of incubation a d d i t i o n of 2 ml saturated N a H S 0 3 and dilution to 20 ml with 90% ethanol. Measurement of OI) at 420 nm against a blank treated 
in the same way and of similar composition, but containing distilled water or pH 4.0 buffer instead of product homogenate. Initial reaction 
rate is calculated from the linear section of the OD rs. reaction period plot by regression analysis, whereby enzyme act ivi ty is indicated by the 
slope of the curve and expressed in 1 OD m i n - 1 . 
+ +
 The enzyme is considered to be of unit act ivi ty (U) i f i t brings about a change in OD (optical pa th length: 1 cm) of 1 • H I - 3 per min. 
+ + +
 Standard deviations of enzyme concentration values have been established from 0 to 15 parallel measurements and are derived from 
s tandard deviations of the regression coefficients. Calculation is based on individual values of OD. 
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Fig. 10. Pe rox idase localization in b lack rad i sh . p H = 3.0; T = 25 °C; i ncuba t ion 
per iod : 1 min; dye : benzidine; magnif ied 200 t imes 
Fig . 11. Pe rox idase localization in po ta toes of t h e var ie ty "Gü l b a b a " . E x p e r i m e n t a l 
condi t ions as in Eig. 10 
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Fig . 12. Peroxidase localization in h e a d of celery. Expe r imen ta l cond i t ions as in F ig . 10 
Fig . 13. Peroxidase localization in h e a d of celery. Expe r imen ta l cond i t ions as in F ig . 10 
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3. Conclusions 
The method of measurement developed lends itself to the determination 
of peroxidase activity of vegetables on a strictly kinetic basis, since the changes 
in OD as induced by enzyme action are in a linear relationship to reaction 
time (Fig. 3). Enzyme activity may be characterized by initial reaction rate, 
i.e. the change in OD per min. Unit activity can be expressed in terms of change 
in OD as arbitrarily adopted. Peroxidase activity of vegetables may be ex-
pressed related to 1 g of product, i.e. in terms of enzyme concentration as 
well. The method permits further to compare changes in OD per min with a 
reference enzyme of known activity and thus to express enzyme activity in 
international units ( W I N T E R , 1 9 6 8 ) . 
The method of activity measurement is of high accuracy, coefficients of 
variation of repeated determinations from different potato homogenates were 
below 5%. 
According to the investigations described here reaction rate of potato 
peroxidase has a maximum at a H202 concentration of 0.025% (w/v) 
(7.35 10~3 M) (Fig. 1). The inhibition of peroxidase by its substrate has been 
observed with a preparation from horseradish by W E I N R Y B ( 1 9 6 6 ) , too. how-
ever, at much higher hydrogen peroxide concentrations ( > 1 M). This seems 
to indicate that inhibition depends on the ratio of enzyme and substrate in the 
reaction mixture. Differences in characteristics originating from the enzyme 
source may also account for the different thresholds of substrate inhibition. 
It is interesting to note that with potato peroxidase even the rising section 
of the curve, obtained on plotting reaction rate vs. substrate concentration, 
was found to be divergent from the ideal (hyperbolic) shape. 
Thus, while optimum substrate concentration as established for potato 
peroxidase (0.925%, w/v) seemed appropriate to measure the activities of 
several kinds of vegetables, it may he expedient to determine the respective 
values individually for every product to ensure substrate saturation on the 
one hand and to avoid substrate inhibition on the other. 
No relationship was found between the natural pH of the product 
(Table 1) and its enzyme concentration as established at pH 5.0. E.g. the 
difference in the enzyme concentration values of turnips and winter kohlrabi, 
both of identical pH (6.12) was found to lie more than 50-fold. 
Peroxidase activity of a given product is, on the contrary, highly de-
pendent on variations in pH as was shown for tlie potato enzyme (Fig. 5). pH 
values around 5 seem to he the optimum for other products as well. The 
activity of soybean peroxidase during ripening of the plant was found to be 
more than twice as high in reaction mixtures of pH 5.0 than in those of pH 6.5 
( R A C K I S et al., 1972). A peroxidase preparation isolated from a palm-tree 
species (А попа squamosa) by Indian authors ( S A S T R Y et al., 1961) showed the 
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highest activity in the pH-range of 5.0 to 5.5. The inactivation of horseradish 
peroxidase in acidic medium seems to be dependent not only on pH hut also 
on the compound used for acidification ( E M B S & M A R K A K I S , 1 9 6 9 ) : an ex-
posure of the enzyme to pH 4.0 for 30 h caused greater losses in activity when 
sulfuric acid was applied than could he observed under identical conditions 
with sodium hydrogen sulfite. 
Heat resistance of peroxidase is the most studied characteristic of the 
enzyme, owing to its great importance in the canning and allied industries. In 
the blanching process temperature and duration of exposure should he selected 
so as to preserve nutritional value and prevent the formation of off-flavours 
beside of inactivating undesirable oxidative enzymes ( V O I R O L , 1 9 7 2 ) . This 
implies the knowledge of heat resistance values for the peroxidases of every 
product. The experiments described here show considerable differences in this 
respect between the various products. While potato peroxidase is completely 
inactivated by a 10-min heat treatment at 95 °C, the kohlrabi enzyme retains 
some of its activity even after exposures, for the same period of heating, to 100 
or 110 °C and is reactivated to a considerable extent on subsequent keeping 
at room temperature. Similar differences in heat resistance were established 
by W I N T E R ( 1 9 6 8 ) for a number of other products (mushrooms, asparagus, 
cauliflower, spinach and green peas). 
The behaviour of some products suggests studying the relationship between 
lignin formation and peroxidase activity. Investigations to that effect have 
been carried out by R A N A D I V E and H A A R D ( 1 9 7 2 ) with different varieties of 
pears. These authors demonstrated hv means of histochemical tests that 
highest concentrations of peroxidase occurred in those parts of the pear fruit 
in which the lignin-containing "stone cells" were localized, i.e. in the pericarp, 
in the parts near the skin, in the parenchyme cells surrounding the granules 
and in the fruit flesh along the cell walls. The existence of a similar relationship 
in vegetables of higher lignin content (kohlrabi, radish) is indicated by the 
fact that the enzyme concentration of the early product is much lower. E.g. 
peroxidase concentration in early kohlrabi is about 1/4 as compared to the 
stringy winter product, while in early radish it is 200 times lower than in 
black radish (Table 1). 
In apricots, grapes and prunes the parts around the skin and stone, 
resp., were reported to have the highest peroxidase content ( V A S , 1 9 5 4 ) . The 
results presented here show a similar localization of the enzyme in vegetables 
such as black radish and head of celery (Eigs. 10, 12 and 13). 
The data so far obtained shall serve as starting point in the development 
of efficient inhibition processes of the enzyme. 
* 
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PRODUCTION OF CHEESE 
WITH A MILK CLOTTING ENZYME PREPARATION 
OF MICROBIAL ORIGIN 
P A R T I . F A T T Y A C I D C O M P O S I T I O N O F C H E E S E 
L . V Á M O S - V I G Y Á Z Ó , N . K I S S - K U T Z a n d E . Kiss 
(Received S e p t e m b e r 11, 1974) 
I n v e s t i g a t i o n s i n t o the f r e e a n d t o t a l f a t t y a c i d c o n t e n t a s well a s i n t o t h e 
q u a n t i t a t i v e d i s t r i b u t i o n of t he a c i d s in t h e r a n g e of 2 t o 10 c a r b o n a t o m s were 
c a r r i e d ou t b y s t e a m dis t i l la t ion a n d gas c h r o m a t o g r a p h y wi th t h e u l t i m a t e a im 
t o c o m p a r e cheeses m a n u f a c t u r e d in para l le l w i t h calf r enne t a n d a mic rob ia l 
e n z y m e p r e p a r a t i o n deve loped in t h i s l a b o r a t o r y . T h e p resence of C u — C I G f a t t y 
a c i d s could also b e d e t e c t e d b y t h e m e t h o d . 
T h e va r ious cheese t y p e s i nves t i ga t ed , a s m a n u f a c t u r e d wi th calf r e n n e t , 
we re cons ide rab ly d i f f e ren t f r o m e a c h o the r wi th r e s p e c t b o t h t o f r e e f a t t y acid 
c o n t e n t and t o t h e r a t i o of f r ee t o t o t a l ac id i ty . 
9 t o 14 f a t t y ac ids of even a n d u n e v e n n u m b e r s of ca rbon a t o m s could b e 
d e t e c t e d in t h e v a r i o u s cheese t y p e s , t h e l a t t e r b e i n g presen t in m o s t cases in 
s m a l l a m o u n t s o n l y . A m o n g t h e f a t t y ac ids iden t i f i ed n o u n s a t u r a t e d or b r a n c h e d -
c h a i n c o m p o u n d w a s found . I t w a s es tab l i shed t h a t t h e var ious cheese t y p e s 
c o u l d be c h a r a c t e r i z e d b y the p resence of ce r ta in f a t t y ac ids in exceed ing ly high 
a m o u n t s and b y t h e absence of o t h e r s , resp. 
W i t h t he e x c e p t i o n of W h i t e cheese t he b a t c h e s m a n u f a c t u r e d w i t h micro-
bia l r e n n e t d i f f e r ed in f r ee f a t t y ac id c o n t e n t a n d / o r d i s t r i b u t i o n of C 2 —C 1 0 f a t t y 
a c i d s f r o m those p r o d u c e d in para l le l w i th calf r e n n e t . N o d i f fe rence w a s f o u n d in 
t h e n u m b e r of c h r o m a t o g r a p h i e a l l y d e t e c t a b l e f a t t y a c i d s when a p p l y i n g o p t i m u m 
c o n c e n t r a t i o n of m i c r o b i a l r enne t in cheese m a k i n g . 
The d i f f e r e n c e s in f a t t y ac id c o n t e n t and c o m p o s i t i o n as o b t a i n e d b y chem-
ical ana lys i s were n o t ref lec ted in t h e s t n s c r y c h a r a c t e r i s t i c s of t h e p r o d u c t s . 
A process lias been developed in this laboratory to produce a milk 
clotting enzyme by submerged fermentation of an Endothia parasitica strain. 
The enzyme has been obtained both as liquid and as powdered preparation. 
The preparations were tested in pilot plant and industrial scale cheese making 
experiments for their suitability to manufacture hard, semi-hard and soft 
cheese from cow's milk and the soft-type White cheese from ewe's milk. The 
cheese samples produced in these trials were thoroughly investigated by 
chemical and sensory methods and results were compared to those obtained 
for the same types of cheese manufactured in parallel with calf rennet. An 
account on this comparative study will be given in a series of papers dealing 
with investigations into fatty acid composition, total and soluble protein as 
well as free amino acid content of the different cheese types and, finally, 
giving a description of the cheese making processes as applied with the dif-
ferent kinds of rennets along with the results of sensory evaluation. 
The first paper deals with gas chromatographic estimation of fatty 
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acids, since these are — whether volatile or non-volatile, free or present as 
salts — important components of cheese flavour ( L A N G L E R & D A Y , I 9 6 0 ) . As 
reported by several authors, different cheese types have distinct and character-
istic fatty acid patterns ( S C H O R M Ü L L E R & L A N G N E R , 1 9 6 0 ; N E Y & W I R O T A M A , 
1 9 7 1 , 1 9 7 2 ; A D D A & D U M O N T , 1 9 7 4 ) . These may vary, however, according to 
season, raw material (milk) and production technology ( S C H O R M Ü L L E R & 
L A N G N E R , 1 9 6 0 ; L A N G L E R & D A Y , 1 9 6 6 ) . No data of this kind have been 
published so far on Hungarian cheese types. In a previous paper ( V Á M O S -
V I G Y Á Z Ó & Kiss-KUTZ, 1 9 7 4 ) a combined method of steam distillation and gas 
chromatography has been described for estimating the C 2 — C 8 straight chain 
saturated fatty acids of Swiss-type (Emmental) cheese. The applicability of 
the method has since been extended to separate fatty acids up to 14 or 16  
carbon atoms present as free acids or salts in hard, semi-hard and soft cheese. 
This implied some modifications of the procedure originally developed which 
will be given below along with the fatty acid patterns of 5 cheese types market-
ed in Hungary as influenced by the type of rennet applied in the manufacturing 
process. 
1. Materials and methods 
1.1. Cheese types 
Four types of cheese manufactured from cow's milk as well as the soft-
type White cheese manufactured from ewe's milk were investigated. The four 
cheese types obtained from cow's milk included a hard (Emmental), a semi-
hard (Trappist) and two soft types ("Tea"-cheese and "Pálpusztai"). The 
periods of ripening (in days) of these types are as follows: 90 (Emmental), 30  
(Trappist), 21 ("Tea"-cheese), 14 ("Pálpusztai") and 6 (White cheese). 
One to five batches each of these cheese types manufactured with calf 
stomach rennet (CR) and liquid or powdered microbial rennet (MR) at dif-
ferent factories according to standard technology were analyzed at the mature 
state, i.e. after the periods of ripening indicated above, irrespective of the type 
of rennet used. The effect of the clotting agent on fatty acid composition was 
studied with cheese batches manufactured simultaneously from the same raw 
material under identical conditions with calf rennet and with the microbial 
preparation, resp. Identical treatment of the batches produced in parallel was 
maintained during the ripening process as well. Emmental was manufactured 
at the Z A L A E G E R S Z E G C H E E S E F A C T O R Y , the semi-hard and soft cheeses from 
cow's milk at the training shop of the C S E R M A J O R D A I R Y E N G I N E E R I N G 
S C H O O L and White cheese at the M E Z Ő K Ö V E S D C H E E S E P L A N T . 
In some eases samples from retail shops were investigated to establish 
the average fatty acid composition of the different cheese types as obtained 
when using calf rennet. 
8* Ac/a Alimentaria 4,1975 
311 VÁMOS-VIGYÁZÓ et III.: FATTY ACIDS IN CHEESE PREPARED WITII MICROBIAL RENNET 
1.2. Extraction and determination of free and total acidity 
Free fatty acids (F FA) as well as those present as salts were extracted 
by steam distillation. Contrary to the procedure described earlier (VÁMOS-
V I G Y Á Z Ó & K I S S - K U T Z , 1 9 7 4 ) for estimating the C2— C8 free fatty acid content 
of cheese, steam distillation was carried on until total recovery of the acids in 
the distillate. (When estimating only C2—C8 acids, recovery of about 80% of 
the total acid content was sufficient to yield a gas chromatographic distribution 
pattern not differing significantly from the one obtained on 100% recovery. 
The reason for this phenomenon can be easily understood from Figs. 1 and 2.) 
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Fig. 1. R e l a t i o n s h i p b e t w e e n t h e vo lume of d is t i l la te (V) r e l a t e d t o cheese we igh t a n d 
recovery of vola t i le f a t t y a c i d s (VFA) on s t e a m dis t i l la t ion . T o t a l f ree vola t i le a c i d i t y : 
4 .13 m e q / 1 0 0 g cheese (commerc ia l s ample of E m m e n t a l ) 
The amount of distillate to he collected for total recovery depends on the 
fatty acid content of cheese and had, therefore, to lie determined in preliminary 
experiments for every type. Table 1 contains the volumes of distillate and the 
sample sizes of grated cheese as applied at various levels of total and total free 
acidity, resp. In order to extract total acidity, 50% phosphoric acid was 
added in a ratio of 1 : 1 (w/v) to the cheese sample prior to steam distillation. 
A glass assembly as designed by P E T R Ó - T U R Z A & S P A N Y Á R ( 1 9 6 9 ) was 
applied to accelerate steam distillation (Fig. 3). 
The acids were collected in a known excess of 0.1 N NaOH (20 50 ml) 
and 50 ml aliquots of this solution were used to determine total (or total free) 
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acidity by titration with 0.01 N HCl in the presence of Phenolphthalein. 
Acidity was expressed in meq and related to 100 g of cheese. 
The rest of the distillate was used to prepare the sample for gas chromato-
graphy. 
100-
Ш 
a
 40-
/< 
0-J , , , . 
2 4 6 8 С 
F i g . 2. R e l a t i o n s h i p be tween t h e n u m b e r of c a r b o n a t o m s (C) a n d t h e r e c o v e r y of indi-
v i d u a l volat i le f a t t y ac ids on s t e a m d is t i l l a t ion a t va r ious levels of r e c o v e r y of t o t a l 
a c i d i t y . T o t a l f r e e vola t i le a c i d i t y : 4.1 3 meq /100 g cheese (commerc ia l s a m p l e of E m m e n -
t a l ) . A — v o l u m e of d is t i l la te 16 m l g _ 1 cheese, r e c o v e r y of t o t a l f r e e vola t i le a c i d i t y 
8 5 % ; В - v o l u m e of d is t i l la te 8 ml g _ 1 cheese, r e cove ry of t o t a l f ree vo la t i l e ac id i ty 6 0 % 
Tab le 1 
Sample sizes of cheeses of various total acidities and volumes of steam distillate 
to be collected for total recovery of fatty acids 
Volume ol distillate 
Total (or total free) 
acidity, meq 
Sample size 
te) ml 
related to 
sample size (ml g-1) 
< 4 25.0 750 30 
4 - 6 12.5 500 40 
6 - 8 12.5 750 60 
8 - 1 0 10.0 1 000 100 
> 1 0 5.0 1 000 200 
1.3. Preparation of the sample for gas chromatography 
The preparation of the sample was carried out exactly as described earlier 
(VÁMOS-VIGYÁZÓ & K I S S - K U T Z , 1 9 7 4 ) . 1 /d portions of the ether solution of the 
liberated fatty acids were injected into the gas Chromatograph. 
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1.4. Gas chromatography 
Separation of the fatty acids was performed in a P E R K I N - E L M E R 9 0 0 gas 
Chromatograph equipped with a dual flame ionization detector. Columns of 
3.6 m length and 2 mm inner 0 were used with 80 -100 mesh silanized Chromo-
sorb W carrier, coated with 10% polyethylene glycol as stationary phase. 
Temperature programming at a rate of 5 °C min - 1 was applied in the 
range of 130—180 °C. The temperature of the injection port was 200 °C, that 
of the detector 240 °C. Carrier gas flow (N2) was adjusted to 35- 60 ml min - 1 . 
Attenuation was varied between 8- and 16-fold, paper displacement rate 
was 5 mm min - 1 . 
The acids were identified by their retention distances, partly using known 
standards and partly on the basis of the linear relationship existing under iso-
thermal conditions (180 °C) between the logarithm of the retention distance 
and the number of the carbon atoms. 
Volatile acid distribution was calculated from peak areas and expressed 
as percentage of total area. On the average 3 samples were taken from each 
cheese and 2 parallel gas chromatograms run from each sample. Mean values 
of parallel determinations and standard deviations were calculated. Results 
were compared by Student's t test. 
2. Results 
2.1. Total and. total free acidity of different cheese types 
Total free acidity of all the cheese types investigated as manufactured 
with calf rennet and total acidity of Emmental and "Tea"-cheese are sum-
marized in Table 2. 
T a b l e 2 
Total and total free acidity of different cheese types marketed in Hungary 
Name of cheese pH + 
Total free acidity, 
meq/100 g cheese 
Total acidity, 
meq/100 g cheese Acids present as salt, 
meq/100 g 
cheese 
X » X 
E m m e n t a l 2 .25 0 . 5 4 6.90 0 . 9 3 4 . 6 5 
T r a p p i s t 5 . 6 5 5.96 0 . 2 4 
- -
-
" T e a " - e h e e s e 5 . 3 5 3.49 0 . 5 0 5.47 0 .24 1 .98 
" P á l p u s z t a i " 6 . 0 0 1.94 0 . 0 0 
-
-
-
W h i t e cheese 4 . 5 5 7.62 0 . 4 4 
— — 
— 
+ p H w a s d e t e r m i n e d w i t h a Metrohrn E 166 t y p e p H - m e t e r 
x = m e a n 
s = s t a n d a r d d e v i a t i o n 
N u m b e r of p a r a l l e l s t e a m d i s t i l l a t i o n s = 3 — 5 
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As can be seen cheese types differ considerably in total free acidity as 
obtained on steam distillation: the highest value, 7.62 meq/100 g can be found 
in White cheese, the lowest, 1.94 meq/100 g in the soft cheese "Pálpusztai" 
prepared from cow's milk. The ratio of the two values is about 4 : 1. An inverse 
parallelism may be noted between pH and free acidity of White cheese and 
Fig . 3. S t e a m distil lation a s sembly . A — s t e a m generator, В — sample, С — elast ic 
fasteners , d — ground glass connect ion , e — m e t a l clamps, f — rubbe r s topper , g — 
pressure equal izer , H — connec t ion to receiver 
cheeses from cow's milk: White cheese of the lowest pH had the highest and 
"Pálpusztai" of the highest pH the lowest free acid content, while "Tea"-
cheese proved medium in both respects. Trappist cheese is an exception to the 
rule. However, it has to be borne in mind that this cheese was ripened in 
plastic foil and cannot be compared to the other types manufactured by the 
tradit ional procedure. The pH value of the Emmental sample enlisted in the 
table has not been determined. According to measurements carried out in this 
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laboratory with other samples of this cheese type (Kiss et al., 1973) as well as 
to data from the literature (DANGLER & D A Y , 1966) its value is between 5.4 
and 5.8 which fits in well with the free acid content of 2.25 meq. 
Total acidity has been determined in Emmental and "Tea"-cheese. In 
both types its values were found to be considerably higher than those of free 
acidity. The difference of these values, i.e. the amount of acids in salt form is 
nearly the double of free acidity in Emmental, whereas in "Tea"-cheese it 
amounts but to about 70% of the latter. Thus in Emmental the greater part of 
the total acid content is present as salts, while in "Tea"-cheese as free acids. 
2.2. Free fatty acid composition 
The gas chromatographic free fatty acid patterns of the different cheese 
types as manufactured with calf rennet are represented in Figs. 4 8. 
The chromatograms show qualitative as well as quantitative differences 
between the different cheese types. For the sake of comparison the free fatty 
acids found in the steam distillates of the individual cheese types are summar-
ized in Table 3. 
Table 3 
Free fatty acids of different cheese types as detected by gas chromatography 
Cheese type 
Acid  
Emmental Trappist "Tea-cheese" "Pálpusztai" White cheese 
Acetic + + + ( + ) 
Propionic + ( + ) + (+) 
Butyr ic + + + + + 
Unknown I 
- - - — (+) 
Hexanoic + + - f + + 
Unknown I I 
- - - — + 
Octanoic + + + + + 
Nonanoic 
- - ( + ) -f-
Decanoic + + • + + 
Undecanoic ( + ) ( + ) — + 
Dodecanoid + + + + + 
Tridecanoic ( + ) -
Tetradecanoic + • + + + 
Hexadecanoic + - f - - + 
Total number of acids 11 10 10 9 14 
-f- acid present in measurable amounts 
(4-) acid present in traces 
— acid no t detectable 
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As can be seen, the majority of the acids present in measurable amounts 
in the free fatty acid extracts were straight chain saturated compounds with 
even numbers of carbon atoms. Of the fatty acids with uneven numbers of 
carbon atoms propionic acid was present in all the cheese types, although only 
Emmental and "Pálpusztai" contained it in measurable amounts. An un-
C2 
F i g . 4. Gas c h r o m a t o g r a m of t h e f r e e f a t t y acids ( F F A ) of E m m e n t a l cheese m a n u f a c t u r e d 
w i t h calf r e n n e t . E x p e r i m e n t a l cond i t ions : e x t r a c t of f f a p r e p a r e d b y s team d i s t i l l a t ion 
accord ing t o T a b l e 2, s u b s e q u e n t evapora t ion t o d r y n e s s as N a sa l t s , followed b y liber-
r a t i on of ac ids w i t h H s SO, a n d dissolving in d i e t h y l e ther , e l i m i n a t i o n of t races of w a t e r 
b y a n h y d r o u s Na. ,S0 4 and e v a p o r a t i o n of so lvent . 1 //1 of f f a e x t r a c t in jec ted i n t o t h e gas 
Chroma tog raph . G a s c h r o m a t o g r a p h y : P E R K I N - E L M E R 900 , dua l f l a m e ionization d e t e c t o r ; 
co lumn l eng th 3.0 m, inner 0 2 m m ; s u p p o r t : 10—12 g 80 —100 mesh C h r o m o s o r b W 
t r e a t e d wi th d i m e t h y l ch loros i l ane ; s t a t iona ry p h a s e : 10% p o l y e t h y l e n e glycol a d i p a t e ; 
t e m p e r a t u r e p r o g r a m m e : 5 °C m i n - 1 f rom 130 t o 180 °C, i n j e c t i o n p o r t 200 °C, d e t e c t o r 
240 °C; N2 c a r r i e r gas flow 3 5 - (»0 ml m i n - 1 , a t t e n u a t i o n 8- to 1 6 - fo ld , paper d i s p l a c e m e n t 
r a t e 5 m m m i n - 1 . Acids: ( ' , — acet ic , C3 = p rop ion i c , C4 = b u t y r i c , CB = h e x a n o i c , 
CR = oc tano ic , C 1 0 = decanoie , C 4 1 = undecano ic , C,2 = d o d e c a n o i c , C I 3 = t r i d e c a n o i c , 
C14 = t e t r adeeano ic , C 4 6 = h e x a d e c a n o i c 
identified compound, probably heptanoic acid (marked + + in Fig. 8) as well 
as nonanoic acid were present in fair proportions in White cheese, traces of 
the latter were detected in "Pálpusztai", too. Undecanoic acid could he found in 
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Solvent 
calf r e n n e t . E x p e r i m e n t a l c o n d i t i o n s : see Fig. 4 
all the types but "Pálpusztai", although with the exception of White cheese 
only in traces. Tridecanoic acid was detected in trace amounts only and was 
entirely lacking from the chromatograms of "Pálpusztai" and Trappist. 
Tab le 4 
Characteristic free fatty acid patterns of different cheese types 
Name of cheese 
Characteristic fatty acids 
Acetic Propionic Butyric Decanoic 
Emmenta l X 
Trappist X + + 
"Tea"-cheese X + X 
"Pálpusz ta i" 
- + X 
White cheese X 
— - + 
X acid present in t he highest amount 
+ acid present in considerable amount 
— acid present in t races or not a t all 
No sign is applied for acids not considered characteristic of the respective cheese type. 
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Solvent 
r e n n e t . E x p e r i m e n t a l cond i t i ons : see F ig . 4 
Considering the main acids present in the highest amounts or lacking 
from the respective chromatograms, characteristic fatty acid patterns may be 
established for the five cheese types investigated. These are given in Table 4. 
'2.3. Distribution of total and total free acidity 
A hard and a soft type cheese (Emmental and "Tea"-cheese), resp., both 
manufactured from cow's milk and with calf rennet, were selected to gain in-
formation on the composition of total fatty acids as compared to the free ones. 
Fig. 9 shows the distribution of the C2- C10 total and free fatty acids present 
in measurable amounts (i.e. yielding distinct chromatographic peaks) in the 
steam distillates of the above cheese types. 
As can be seen, significant differences in free and total fatty acid dis-
tribution were found only with respect to two acids in each cheese type (pro-
pionic and butyric or hexanoic). The characteristic fatty acid patterns of the 
cheeses as established in Table 4 were not altered hv these differences. Thus it 
may he concluded that investigations into free and total fatty acid distri-
butions, resp., equally lend themselves to the objective of this study, i.e. to the 
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Solvent 
C4 
CL 
СЕ  
Fig . 7. G a s c h r o m a t o g r a m of t he f r e e f a t t y acids of " P á l p u s z t a i " c h e e s e m a n u f a c t u r e d 
w i t h calf r e n n e t . E x p e r i m e n t á l condi t ions : see F ig . 4; C9 = n o n a n o i c acid 
comparison of cheeses manufactured with different types of rennet. For 
technical reasons the former was adopted for subsequent work. 
2.4. Effect of the renneting agent on the free fatty acid composition 
The values of free acidity as established for cheese manufactured in 
parallel witli CR and MR, resp., are shown in Fig. 10. 
The control cheese samples manufactured with CR as illustrated in Fig. 
10 are only partly identical with those of Table 1, the respective acid contents 
are, nevertheless, similar. The data concerning the cheeses manufactured with 
MR are mean values obtained from two batches (with the exception of "Pál-
pusztai" cheese, of which only one batch was analyzed). 
The data point to different effects of the renneting enzymes on total free 
acidity of the various cheese-types. Free acidity of Emmental manufactured 
with MR was a multiple of the value found in the control hatches, while, on 
the contrary, with Trappist cheese the acid content was higher in the latter 
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Solvent 
C2 
Fig. 8. G a s c h r o m a t o g r a m of t h e free f a t t y a c i d s of W h i t e c h e e s e m a n u f a c t u r e d w i t h calf 
r enne t . E x p e r i m e n t a l c o n d i t i o n s : see F ig . 4 ; 0 9 = n o n a n o i c a c i d , -f and + + = acids 
not i d e n t i f i e d 
(about double). In "Tea"-cheese, too, the free fatty acid content was higher in 
the control batch, whereas in "Pálpusztai" and White cheese no significant 
difference in acidity was noted with different renneting agents. 
The chromatographic fatty acid patterns of the cheese batches manu-
factured with the optimum concentration of MR as established bv Kiss and 
co-workers (1074) were essentially identical with the ones obtained for the 
control samples (Figs. 4 8 and Table 3). A comparison of quantitative dis-
tributions of the acids present in measurable amounts is given in Figs. 11—15. 
In the case of Emmental cheese, as was shown with two batches each in 
a previous paper (VÁMOS-VIGYÁZÓ & K ISS-KUTZ, 1974), utilization of MR 
brought about a significant change in the quantitative distribution of volatile 
free fatty acids. This could now be confirmed with a larger number of batches 
(4, partly commercial batches manufactured with CR and 5, exclusively ex-
perimental ones produced with MR). Fig. 11 shows the relative amount of 
propionic acid to he on the average 3 times higher in cheeses manufactured with 
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Fig . 9. D i s t r i bu t ion of f r e e a n d to ta l C 2 —C, 0 f a t t y ac ids , resp . , of E m m e n t a l (1) a n d 
" T e a " - c h e e s e (2). E x p e r i m e n t a l cond i t i ons of analys is a s in Fig. 4. In s t e a m dis t i l la t ion 
of t o t a l f a t t y ac ids w a t e r a d d e d to t he cheese samples w a s replaced by 5 0 % phosphor i c 
ac id . * anil *** ind i ca t e d i f f e rences s ign i f i can t a t t h e p r o b a b i l i t y levels of 95 a n d 99 .9%, 
re sp . 0 = d i f f e r ence no t s i g n i f i c a n t 
MR than in the control batches, while the respective contents of acetic, butyric 
and caproic acids are correspondingly lower in the former. The differences are 
significant in spite of the high standard deviations. 
VFA distributions of Trappist batches (Fig. 12) manufactured with CR 
and MR, resp., differ significantly only with respect to their relative decanoic 
acid contents: in cheese manufactured with MR this compound does not 
belong to the main fatty acid components as given in Table 4. The decrease in 
the relative decanoic acid content and the corresponding increase in the 
respective value of butyric acid in cheese manufactured with MR were equally 
observed in batches ripened in plastic foil and in those ripened according to 
traditional technology (Kiss et al., 1973). 
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In the case of "Tea"-cheese (Fig. 13) striking differences were found 
between the batches obtained with the two different rennets. The relative 
butyric acid content was more than twice as high in the batches manufactured 
with MR than in the control sample, while the relative C2—C10 fatty acid 
contents were accordingly lower in the experimental ones. In the control 
batch (Fig. 6) the overall content of acetic and decanoic acids, present in a 
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Fig . 10. F f f e c t of t h e t y p e of r e n n e t on t h e f ree f a t t y ac id con ten t of d i f f e r e n t cheese 
t y p e s . / — E m m e n t a l , 2 — T r a p j j i s t , 3 — " T e a " - e h e e s e , 4— " P á l p u s z t a i " , 5 — W h i t e 
cheese. E x p e r i m e n t a l cond i t i ons of a n a l y s i s a s in Tab le s 2 a n d 3, resp. * a n d *** ind ica te 
d i f f e r ences s ign i f i can t a t t h e p r o b a b i l i t y levels of 95 a n d 9 9 . 9 % , resp. 0 = d i f f e rence n o t 
s ign i f i can t . cr = ca l f r e n n e t , mr = microb ia l r e n n e t 
ratio of about (1 : 1) amounted to 47% of the C2—C10 fatty acid content, 
while butyric acid constituted only 17%. In the hatches produced with MR 
the relative butyric acid concentration was higher than 40%, while another 
40% were made up by acetic and decanoic acids, present in a ratio of 3 :1 . 
Considering the FFA composition of "Pálpusztai" cheese, comparison 
was restricted to the respective propionic and butyric acid contents, since the 
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other compounds separated by gas chromatography were present in negligible 
amounts only. It is clear from Fig. 14 that the ratio of these two acids varies 
considerably with the type of rennet applied: in the batch manufactured with 
MR the relative propionic acid content is higher. 
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Fig . 11. D i s t r i b u t i o n of t h e C2 
r e n n e t (cr) a n d mic rob ia l r e n n e t (mr), resp. E x p e r i m e n t a l c o n d i t i o n s of ana lys is a s in 
F ig . 4. *, ** and *** ind i ca t e d i f f e r e n c e s s ign i f ican t a t t h e p r o b a b i l i t y levels of 95, 99 
a n d 99 .9%, r e sp . 0 = d i f ference n o t s ign i f icant 
The comparison of the C2— C10 FFA of White cheese did not yield any 
significant difference between the batches manufactured with CR and MR, 
respectively. 
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Fig. 13. Dis t r ibu t ion of t h e C 2 —C 1 0 FFA of "Тса ' ' - cheese m a n u f a c t u r e d wi th ca l f r enne t 
(CR) a n d mic rob ia l r e n n e t (MR), resp . E x p e r i m e n t a l c o n d i t i o n s of analys is a s in F ig . 4. 
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s ign i f i can t 
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Fig . 15. D i s t r i bu t i on of C 2 —C l n FFA of W h i t e cheese m a n u f a c t u r e d w i t h calf r e n n e t 
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3. Conclusions 
Data 011 the fatty acid composition of the cheese types dealt with in this 
paper are practically not available in t he literature with the exception of those 
concerning Emmental cheese (JAGER, 1967; K I E R M E I E R et al, 1968a, b; 
L A N G L E R & D A Y , 1 9 6 6 ; M A Y R , 1 9 6 9 ; N E Y & YVIROTAMA, 1 9 7 2 ; P A T T O N , 1 9 6 4 ; 
P A N O U S E et al., 1972). In this Institute the distribution of C10 -Cle FFA with 
even numbers of carbon atoms was investigated in Emmental cheese by 
K E V E I - P I C H L E R and co-workers (1969) applying gas chromatography of the 
corresponding methyl esters. The data presented by these authors on the 
relative amounts of the above acids are in good agreement with the findings of 
others ( L A N G L E R & D A Y , 1966). Thus it seemed more promising to focus the 
present investigations on the low molecular weight volatile acids. Data as to 
the effect of milk clotting enzymes on the volatile acid composition of cheese 
were published hv SVYAGINTSEV and co-workers (1972). These are concerned, 
however, with an enzyme preparation obtained from a Mucor-strain and 
applied to manufacture hut one type of cheese ("Kostromskii"). The results 
reported showed an increase in both acetic and butyric acid contents of the 
experimental lots as compared to control samples manufactured with calf 
rennet. 
Quantitation of gas chromatographic data was carried out in the present 
study with acids up to CI0, although some authors extend the term of volatility 
up to C14 ( D A V I S , 1 9 6 6 ) . Comparison of the acid distributions found for Emmen-
tal with the findings of others ( K E V E I - P I C H L E R et al., 1 9 6 9 ; L A N G L E R & D A Y , 
1966) made it, however, obvious that extraction by steam distillation of acids 
with more than 10 carbon atoms cannot be considered quantitative. Taking 
into account the comparative character of this study qualitative information 
with re,spec! to differences in higher fatty acid composition (up to C16) was 
thought to he valuable, too. 
Several authors report 011 the relationship betwen pH and the ratio of 
free and total fatty acids and on the total fatty acid content of Emmental 
cheese. Considering the pH of this cheese type, 60 to 90% of its fatty acid con-
tent may he expected to be present as salt, as pointed out by D A N G L E R and 
DAY (1966). The results described here are in agreement with the above findings, 
in that 67% of the total acidity of Emmental was found to be present in the 
salt form (Table 2). Values published on total C2—C„ and C, C8 fatty acid con-
tent in 100 g of Emmental amounted to 8.6 and 14.8 meq, resp. ( K I E R M E I E R 
et al., 1968a; L A N G L E R & D A Y , 1966), and are considerably higher than those 
established in this laboratory (6.9 meq). 
The characteristic differences in FFA composition of different cheese 
types as established by gas chromatography (Eigs. 4 8, Tables 3 and 4) may 
be of interest from the scientific point of view. Especially the considerable 
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divergence of the FFA composition of the Emmental batches manufactured 
with CR from the generally accepted pattern seem to merit more close attention. 
Propionic fermentation is considered characteristic of Emmental of good 
quality and propionic acid is rejiorted to he the main fatty acid component of 
this cheese ( K I E R M E I E R et al., 1968a). The ratio of acetic and propionic acids 
was established by several authors ( J A G E R , 1967; K I E R M E I E R et al., 1968a; 
L A N G L E R & D A Y , 1966; P A T T O N , 1964) to vary between 1 : 0.6 and 1 : 12, 
while butyric acid was usually found only in minute amounts (in extreme 
cases, however, it constituted 28 -29% of the propionic acid content). In the 
Emmental samples manufactured with calf rennet the present investigations 
established the ratio of C2 : C3 : C4 acids as 1 : 0.6 : 0.8, i.e. the propionic acid 
content as related to acetic acid was found to correspond to the lowest literature 
data. Low propionic acid content is generally ascribed to the peroxide—cata-
lase treatment of milk which inhibits growth and activity of propionic bac-
teria ( K I E R M E I E R et al., 1968a). In Emmental manufactured from milk thus 
treated the ratio of acetic to propionic acid was found to be 1 :1 , while the 
corresponding value for cheese prepared in parallel from pasteurized milk was 
1 : 2.2 ( K I E R M E I E R et al., 1968a). No increase in butyric acid content was re-
ported as a consequence of peroxide catalase treatment of milk ( J A G E R , 
1967). The high butyric acid content as found in this study might, perhaps, 
be connected with silage feeding ( M A Y R , 1969). 
The tvjie of rennet used in cheese-making has a distinct effect both on 
content and on quantitative distribution of free fatty acids. No qualitative 
differences in C2—Cjn fatty acid composition were found between the cheeses 
manufactured with СИ and MR, resp., if the latter preparation was applied in 
the lowest possible concentration (Kiss et al., 1 9 7 3 , 1 9 7 4 ) , advantageous also 
from the point of view of sensory characteristics. With higher enzyme con-
centrations various qualitative differences in fatty acid composition were 
found as compared to the control cheeses, however, these results need further 
corroboration. 
The effect of the microbial rennet on the FFA content and distribution 
was found to be different with various cheese types: in Emmental cheese FFA 
content increased 4-fold as compared to the control batches, whereas in Trap-
pist it decreased by about 50%. In "Tea"-cheese the decrease was less marked, 
while in "Pálpusztai" and White cheese no significant differences were ob-
served between the batches manufactured with CR and MR, resp. 
As to the effect of MR on the quantitative distribution of free fatty 
acids, the findings concerning Emmental cheese — as mentioned in the paper 
cited ( V Á M O S - V I G Y Á Z Ó & K I S S - K U T Z , 1 9 7 4 ) — are considered important: 
applying the microbial preparation shifted the ratio of acetic and propionic 
acids to 1 : 2.9 which corresponds to the majority of literature data published 
on the subject. At the same time a decrease In relative butyric acid content 
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was achieved, too (the ratio of propionic and butyric acids resulted to lie 
1 : 0 . 2 2 ) . 
The changes induced by the use of MR are less marked in semi-hard and 
soft cheeses manufactured from cow's milk. In Trappist tlie relative decanoic 
acid content significantly decreased on applying the microbial preparation. 
Since a "pungent-hot" taste is attributed to this compound in dairy products 
(DAVIS , 1 9 6 0 ) , this decrease may he advantageous from the point of view of 
sensory qualities. In "Tea"-cheese, similarly to Trappist, a decrease in de-
canoic acid content was brought about by MR, accompanied hv a simultaneous 
decrease in the respective values of hexanoic and octanoic acids. The use of the 
microbial preparation had an opposite effect on butyric acid formation in the 
two soft cheese types investigated as prepared from cow's milk: while it in-
creased the relative amount of this compound in "Tea"-cheese, it acted 
contrary in "Pálpusztai". 
White cheese, a soft cheese manufactured from ewe's milk, proved less 
sensitive to the renneting agent: 110 changes in FFA content or composition 
were brought about by MR. 
The quantitative differences as established by objective methods of 
analysis were not reflected in the sensory characteristics of the cheeses as will 
be shown in detail in a forthcoming paper. 
* 
T h e a u t h o r s a r e i n d e b t e d t o t h e r e spec t ive l e a d e r s a n d s t a f f s of t h e cheese p l a n t s 
m e n t i o n e d in p a r a . 1.1. of t h e p a p e r fo r h e l p f u l a s s i s t ance in t h e cheese -mak ing e x p e r i m e n t s 
as well a s t o Mrs. V A L É R I A K R I S T O F O R Y f o r a s s i d u o u s l a b o r a t o r y w o r k . 
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CHANGES IN THE FATTY ACID COMPOSITION 
OF RAPE-SEED OIL AND A MIXTURE OF RAPE-SEED 
OIL AND WHEAT GERM OIL, DUE TO FRYING* 
R . K U R K E L A a n d M . P E T R Ó - T U R Z A 
(Rece ived J a n u a r y 21, 1974) 
The i n f l u e n c e of t h e add i t i on of w h e a t g e r m oil o n t h e h e a t d e g r a d a t i o n 
of f ry ing oil d u e t o h e a t i n g w a s s t u d i e d b y d e t e r m i n i n g c h r o m a t o g r a p h i c a l l y 
t h e f a t t y ac id compos i t i on of rape-seed oil a n d of a m i x t u r e of rape-seed o i l a n d 
w h e a t g e r m oil ( 1 0 % ) w h e n h e a t e d u n d e r cond i t ions s i m i l a r to f r y i n g . I t w a s 
f o u n d t h a t t h e decrease of oleic, linoleic a n d l inolenie a c i d s d u e t o h e a t i n g w a s 
e f fec t ive ly r e t a r d e d b y t h e presence of w h e a t g e r m oil . L o s s of oleic a c i d w a s 
comple t e ly r e t a r d e d , t h a t of linoleic ac id d imin i shed t o o n e th i rd a n d t h a t of 
l inolenie ac id t o ha l f of t h e loss w i t h o u t w h e a t g e r m oil d u r i n g 88 h of h e a t i n g . 
I t was also e s t ab l i shed t h a t t h e presence of w h e a t g e r m oil improved t h e h e a t 
res i s tance of e ruc i c acid, b u t t h e e x a c t q u a n t i t a t i v e e v a l u a t i o n needs a n i m p r o v e -
m e n t of t he m e t h o d t o d e t e r m i n e erue ic ac id more a c c u r a t e l y . 
The rapid deterioration of frying oils is both an economic and a nutri-
t ional problem of great importance since the popularity of fried foods is con-
tinuously increasing. Hydrolysis, oxidation, degradation and polymerization 
of oil at elevated temperatures causes the oil to foam, the colour to darken, 
off-flavours to develop and the nutritional value of the oil to decrease. Many 
antioxidants, particularly those occurring naturally, such as tocopherols, 
become less effective even inactive at the conditions of deep frying (CHANG & 
MONE, 1960) . Some additives, as polysiloxanes (BABAYAN, 1 9 5 7 ; DOBSON et al., 
1 9 6 9 ) , phosphoric acid ( A K K E R E N , 1966) and a-sitosterol (CHANG & M O N E , 
1 9 6 0 ) , are used to retard the foaming tendency. The mechanism of antifoaming 
activity is not completely clear. Polysiloxanes probably prevent the oxidation 
of fat ( P A D L E Y et al., 1 9 7 0 ) , phosphoric acid delays the polymerization ( A K -
KEREN, 1966) , and the isofucosterol structure seems to be effective in protecting 
the oil from oxidative polymerization (SIMS et al., 1 9 7 2 ) . In an earlier study 
it was established that wheat germ oil mixed as sucli with frying oil retarded 
the heat-induced physical changes (colour and viscosity) of frying oil (KUR-
KELA & KAURALA, 1 9 7 1 ) . For this reason the fatty acid composition of the 
frying oils after heating in the absence and presence of wheat germ oil were 
determined. 
* C o n t r i b u t i o n in E K T series 361, U n i v e r s i t y of Hels inki , 1975. 
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1. Materials and methods 
1.1. Materials 
Frying oils. Rape-seed oil (Kultasula, Kasviöljy Oy, Raisio) was used 
as reference frying oil. Wheat germ oil was extracted with petroleum ether 
( 4 0 — 6 5 °C) from wheat germs and the solvent was evaporated in a vacuum 
evaporator. The oil was degummed and neutralized ( A N D E R S E N , 1 9 6 2 ) . A 
mixture of rape-seed oil and wheat germ oil (9 : 1) was used as the other 
frying oil sample. Conditions of deep fat frying were imitated by conducting 
water vapour through the oil during heating (190 + 5 °C). Samples were taken 
every eight hours until heating had continued for 88 h in the case of rape-seed 
oil, and for 100 h in the case of the mixture. The characteristics of the frying 
oils in the fresh state and after 88 h heating are shown in Table 1. 
Table 1 
Physical and chemical characteristics of frying oils in the fresh state and after 88 h heating 
Fresh After 88 :i heating 
Rape-seed 
oU 
Mixture* Rape-seed 
oil Mixture* 
Viscosity e P 52.5 52.5 715.0 122.5 
Refr . ind. 1.4740 1.4744 1.4805 1.4762 
FFA 0.22 0.22 2.8 2.4 
I. V. 106.1 108.8 79.8 96.8 
* R a p e - s e e d oil and w h e a t g e r m oil (9 : 1) 
1.2. Reagents 
— 0.5 N NaOH solution in methyl alcohol 
— BF3 reagent: 125 g of BF3 dissolved in 1 litre methyl alcohol. Prep-
aration: 1 litre of methyl alcohol was measured into a dark reagent bottle 
and cooled in ice, BF3 was introduced from the cylinder through a control 
valve, and the cautious introduction of the gas was continued until the desired 
weight was obtained. The reagent was stored in the refrigerator. 
— saturated solution of NaCl 
— petroleum ether 
— anhydrous Na2S04 
— n-hexane 
All reagents were MERCK'S (pro anal.) products. 
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1.3. Saponification and methylation of the oils 
About 150 mg of oil were weighed on an analytical balance into an 
Frlenmeyer flask with ground stopper. Four ml of 0.5 N NaOH solution were 
added and brought to the boil in a water bath of 70—75 °C under reflux and 
retained at this temperature for 30 min. Five ml of the BF3 reagent solution 
were added and the reaction mixture was boiled for a further 10 min. After 
cooling, the reaction mixture was transferred to a separatory funnel with 
20 ml petroleum ether. Twenty ml of saturated NaCl solution was added and 
the funnel was shaken thoroughly for 2 min. After the separation of the phases 
the petroleum ether phase was filtered through anhydrous Na2S04 in an 
Erlenmeyer flask with ground stopper. After repeated washing with petroleum 
ether and addition of anhydrous Na2S04 the extract was kept in the refrigerator 
overnight. Next day the petroleum ether extract was filtered into a vessel 
of known weight. The solvent was evaporated in nitrogen stream under mild 
heating. The residue was weighed and dissolved in n-hexane to 16% (w/w). 
The hexane solution of fatty acid methyl esters thus obtained was used for 
separation by gas chromatography. Thin-layer chromatography was used to 
control whether saponification and methylation had been carried out quanti-
tatively ( M E T C A L F E et al., 1966). 
1.4. Gas chromatography of fatty acid methyl esters 
Gas chromatography: P Y E U N I C A M series 104 Chromatograph Heated 
Dual Flame Ionization Detector, Programmed Chromatograph Model 64. 
Column: 3 m, 1/8 inch diameter stainless steel column, packed with 
15% diethyl glycol succinate (DFGS) on Chromosorb W (60—80 
mesh) 
Carrier gas velocity: 24 ml min - 1 
— Attenuation: 2 x 104 
— Paper speed: 4 mm min - 1  
Injection temperature: 200 °C 
Sample size: 0.25—0.5 pi 
The temperature program was determined experimentally. For this 
purpose a standard fatty acid methyl ester mixture ( H O R M E L I N S T I T U T E ) 
was used. The following program proved to be the most suitable: Initial 
temperature: 100 °C, maintained for 5 min; temperature was increased to 
185 °C at a rate of 12 °C per minute and maintained at this temperature while 
every peak was being eluted. A chromatogram of a sample was obtained in 
about 60—70 min. The peak areas were measured by planimetry. Quantitative 
determinations were carried out by using pentadecai <>'c acid as an internal 
standard. Six peaks were identified by using новы L standard mixture 
containing palmitic, stearic, oleic, linoleic, linoleic and erucic acids. 
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2. Results and discussion 
Gas chromatograms were made from the samples of both frying oils 
in the fresh state and after every 8 h heating. Besides the peak of the solvent 
eluted at first, the chromatograms of both fresh oils contained 18 peaks each. 
a: < 
Ш Cd 
I О 
I - О 
О Od 
LO О. 
Fig. 1. Chromatogram of f a t t y acid m e t h y l esters o b t a i n e d f rom rape-seed oil sample 
being hea t - t r ea t ed for 48 h . Column p a c k e d wi th : 15% d i e t h y l glycol succ ina te (DEGS) 
on Chromosorb W (60 — 80 mesh). Carr ier gas veloci ty: 24 ml min — ' . A t t e n u a t i o n : 
2 • 104. In jec t ion t e m p e r a t u r e : 200 °C. The c h r o m a t o g r a m r u n according to t he 
t e m p e r a t u r e program i n d i c a t e d in the f igure . The peak of t h e solvent e lu ted a t f i rs t was 
marked b y 0. F rom t h e o t h e r m e t h y l es te r peaks (18 in n u m b e r ) only 6 peaks , being 
present in grea ter q u a n t i t y , were ident if ied b y the use of a s t a n d a r d m e t h y l es ter mix ture . 
These a re as follows: P e a k No. 8.: pa lmi t i c acid (C lc); p e a k No. 11.: s tea r ic acid (C18); 
peak No. 12.: oleic acid (C1 8 = 1) ; peak No. 13.: linoleic acid (C18 2); peak No . 15.: linolenic 
acid (C18_3); peak N o . 18.: erucic ac id (C22_1) 
The number of peaks was the same in all samples, only the ratio of peak areas 
differed. 
The chromatogram of rape-seed oil methyl esters (oil heated 48 h) is 
presented in Fig. 1. 
Since it is probable that palmitic acid and stearic acid, be ing saturated 
acids, are very little affected under these heating conditions, palmitic acid 
was taken as a reference and the peak areas of five other fatty acid methyl 
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esters identified were measured in relation to that of palmitic acid. The relative 
fatty acid contents of rape-seed oil and of the mixture of rape-seed oil and 
wheat germ oil thus obtained are stated in Tables 2 and 3. 
Changes in the concentration of five fatty acids were plotted against 
the time of heating. As expected, the stearic acid content did not show any 
T a b l e 2 
Changes in the fatty acid composition of rape-seed oil upon heat treatment* 
' Fatty acid 
' . methyl esters 
Duration of 
heat treat- ' . 
ment, h 
Stearic acid 
1 
Oleic acid 
/ 
Linoleic acid 
1 
Linolenie acid 
t 
Erucic acid 
/ 
0 0.48 4.85 5.76 5.18 10.13 
8 0.39 4.98 4.97 4.73 11.40 
16 0.51 4.69 4.44 4.05 10.11 
24 0.45 4.91 4.29 4.11 7.57 
32 0.39 3.98 3.44 3.13 8.27 
40 0.43 4.54 3.33 3.23 9.30 
48 0.41 4.63 3.22 3.22 9.62 
56 0.45 4.06 2.95 3.08 9.80 
64 0.44 4.36 2.65 2.69 8.22 
72 0.41 4.22 2.43 2.63 8.12 
76 0.42 3.84 2.36 2.37 7.85 
80 0.42 3.96 2.38 2.38 6.41 
88 0.44 3.52 2.05 2.21 7.06 
* T h e t a b l e con ta ins t h e p e a k a r e a s of t h e mos t i m p o r t a n t m e t h y l e s t e r s (as sepa-
r a t e d b y g a s c h r o m a t o g r a p h y s u b s e q u e n t t o sapon i f i ca t ion of t h e oil a n d m e t h y l a t i o n of 
t h e f a t t y ac ids t h u s l ibe ra ted) r e l a t ed t o t h e p e a k a rea of p a l m i t i c acid ( r a t i o f ) . I n earlier 
e x p e r i m e n t s t h e a m o u n t of pa lmi t i c ac id w a s found u n c h a n g e d upon h e a t t r e a t m e n t 
of t h e oil. T h e f a c t o r s t h u s o b t a i n e d m a y b e considered ind ices of q u a n t i t a t i v e changes. 
tendency to decrease with increase in the time of heating. The contents of the 
four unsaturated fatty acids did not appear to follow a linear trend and there-
fore the logarithmic transformation of the original data was plotted against 
time of heating. Lines of regression, regression equations and correlation 
coefficients are shown in Figs. 2 to 5. Comparison of the correlation coefficients 
of linear regression and those of the logarithmic transformation showed that 
the latter approximation was better for linoleic acid and linolenie acids. In the 
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T a b l e 3 
Changes in the fatty acid composition of a mixture of rape-seed oil and 10% wheat germ 
oil upon heat treatment* 
Fatty acid 
methyl esters 
Duration of 
heat treat-
ment, h 
Stearic acid 
/ 
Oleic acid 
/ 
Linoleic acid 
1 
Linolenic acid 
/ 
Erucic acid 
/ 
0 0.40 2.79 3.83 3.07 4.88 
8 0.22 3.08 4.06 3.05 6.21 
16 0.30 3.45 4.68 3.35 5.05 
24 0.23 2.88 3.76 2.90 5.12 
32 0.29 3.26 4.28 3.23 6.74 
40 0.27 3.16 3.87 2.91 4.72 
48 0.28 3.37 3.87 3.08 6.86 
56 0.39 3.43 3.97 3.05 6.11 
64 0.30 2.91 3.41 2.74 5.96 
72 0.28 3.56 3.91 3.01 6.93 
76 0.26 3.56 3.86 3.02 7.17 
80 0.26 3.10 3.90 2.68 5.00 
88 0.28 3.05 3.38 2.56 5.93 
100 0.29 3.54 3.42 2.70 6.35 
* F o r legend see T a b l e 2 
1 "I 1 1 1 1 1 1 Г—I 1 1  
0 20 40 60 80 100 
PERIOD OF HEAT TREATMENT (HOURS) 
F i g . 2. Changes in o le ic acid c o n t e n t u p o n hea t t r e a t m e n t as r e fe r red t o t h e q u a n t i t y 
of p a l m i t i c acid, x — — x rape - seed oil (Ii), о о rape-seed oil -f- 10% w h e a t 
g e r m oil ( К ) . h = p e r i o d of h e a t t r e a t m e n t , h . / = f a c t o r (peak a r e a of oleic ac id 
d i v i d e d b y the p e a k a r e a of pa lmi t ic a c i d ) . E q u a t i o n s of regress ion l ines a n d t h e cor re la t ion 
coef f ic ien ts : lg fR = 0 .6984 - 0 .0013 h, rR = - 0 . 8 3 2 7 ; lg fK = 0.4816 + 0.0005 h, rK = 
— 0.4388. R e s u l t s of f - t e s t s r e g a r d i n g regression c o e f f i c i e n t s : ta = 13.7 > f 0 OOI = 3 .5 ; 
tb = 4 .5 > f 0 0 0 1 = 3 .5 . ta = is t he f - t e s t referr ing t o t h e axial sec t ions , a n d it p r o v e s 
t h a t a x i a l sect ions o f t h e two s t r a i g h t l ines s i gn i f i c an t l y di f fer f r o m e a c h o ther , t f , = is 
t h e f - t e s t refer r ing t o t h e slope of t h e s t r a i g h t lines, a n d i t s s ign i f ican t d i f ference p r o v e s 
t h a t t h e t w o slopes a r e d i f f e r e n t 
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Fig . 3. C h a n g e s in l inoleic acid c o n t e n t u p o n h e a t t r e a t m e n t a s refer red t o t h e q u a n t i t y 
of p a l m i t i c ac id , x x rape-seed oi l (R), о о rape-seed oi l + 10% w h e a t 
g e r m oil (K). h = pe r iod of h e a t t r e a t m e n t , h . / = f a c t o r (peak a r e a of linoleic acid 
d iv ided b y t h e p e a k a r e a of pa lmi t i c ac id ) . E q u a t i o n s of regress ion lines a n d t h e correlat ion 
coef f ic ien ts : lg fR = 0 .7320 — 0.0048 h, rR = - 0 . 9 9 0 9 ; lg fK = 0.6230 — 0 .0007 h, rK = 
- 0 . 6 0 0 4 . ta = 5.8 > «„ 
TH 
3.5; 
10 1-
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0 20 Д0 60 80 100 HOURS 
Fig. 4. C h a n g e s in l inolenic acid c o n t e n t u p o n h e a t t r e a t m e n t a s referred t o t h e q u a n t i t y 
of pa lmi t i c ac id , x x rape-seed oi l (R) , о о rape-seed oil + 1 0 % w h e a t 
g e r m oil (K). h = per iod of h e a t t r e a t m e n t , h . / = f a c t o r (peak a rea of l inolenic aeid 
d iv ided b y t h e p e a k a r e a of p a l m i t i c acid) . E q u a t i o n s of r eg ress ion lines a n d t h e correlat ion 
coef f ic ien t s : lg fR = 0 . 6 8 9 2 - 0 . 0 0 4 0 h, rR = - 0 . 9 7 6 6 ; lg fK = 0 . 5 0 5 5 - 0 . 0 0 0 7 h, rK = 
= —0.6900. R e s u l t s of «-tests r ega rd ing t h e regression c o e f f i c i e n t s : ta = 14.0 > «„ 001 = 
= 3.5; tb - 9 .6 > «„.001 = 3.5 
case of oleic acid the approximations were similar, and linear regression was 
somewhat better fitted for erucic aeid. 
The variations of the stearic acid and palmitic acid ratio are within 
the limits of reproducibility of the method (10%), showing that stearic 
acid and palmitic acid behaved similarly under heating. Quantitative determi-
nation of stearic and palmitic acids made from both the fresh oils and from 
the oils after the longest time of heating (Table 4) show that the contents 
Acta Alimentaria 4, 1975 
3 3 8 KÁJRKELA & PETRÓ-TURZA: FATTY ACID CHANGES IN OILS DUE TO FRYING 
U -
3 -
2 -
1 -I 1 1 1 1 1 1—1—R 1 1  
0 20 40 60 80 100 HOURS 
Fig. 5. Changes in e ruc ic ac id con ten t u p o n h e a t t r e a t m e n t as referred t o t h e q u a n t i t y 
of p a l m i t i c acid, x x rape-seed oi l (R), о о rape-seed oil + 10% w h e a t 
g e r m oil (K). h = p e r i o d of h e a t t r e a t m e n t , h . f — f a c t o r (peak a r e a of erucic acid 
d iv ided b y t h e peak a r e a of pa lmi t i c ac id ) . E q u a t i o n s of r eg res s ion lines a n d t h e corre la t ion 
coe f f i c i en t s : lg fR = 1 . 0 1 6 9 - 0 . 0 0 1 7 h, rR = - 0 . 6 9 9 3 ; lg fK = 0 . 7 2 8 1 - 0 . 0 0 0 8 h, rK = 
= 0 .4057. Resu l t s of «- tes t s regard ing t h e regression coe f f i c i en t s : ta = 8.1, <0 001 = 3.5, 
í„ = 2 .7 , i„ .0 1 = 2.5 
of these acids are unchanged in all samples even after the longest time of 
heating. A decrease of up to 8.8% is within the limits of accuracy of the method. 
The quantitative values of oleic acid, linoleic acid and linolenic acid 
(Table 4) confirm the earlier observations concerning these acids showing 
that the presence of wheat germ oil retarded the degradation of these acids 
very effectively. There was no decrease of oleic acid during 100 h heating 
of the rape-seed oil and wheat germ oil mixture, while a 20% decrease occurred 
T a b l e 4 
Quantitative changes of fatty acids in oils after heat treatment 
Palmitic 
acid 
Stearic 
acid 
Oleic 
acid 
Linoleic 
acid 
Linolenic 
acid 
Erucic 
acid 
g in 100 g oil 
Fresh rape-seed oil 3.4 1.5 13.6 17.2 17.4 36.6 
Rape-seed oil treated for 
88 h 3.1 1.4 10.9 6.1 6.7 22.6 
Reduct ion as % of fresh oil 8.8 6.8 19.4 64.6 61.3 38.4 
Fresh oil mixture* 4.4 1.1 12.5 17.2 13.7 26.8 
Oil mix tu re treated for 
100 h 4.2 1.1 12.4 13.8 9.8 19.1 
Reduct ion as % of fresh oil 4.5 0 0.8 19.8 28.5 28.7 
* Mix tu re of r a p e - s e e d oil a n d 1 0 % w h e a t g e r m oil 
Q u a n t i t a t i v e e v a l u a t i o n of t h e f a t t y acids w a s p e r f o r m e d b y a d d i n g a k n o w n 
a m o u n t of p e n t a - d e c a n o i c acid s t a n d a r d t o t he oil p r i o r t o s apon i f i ca t i on a n d r e l a t i n g 
t h e p e a k a r ea of t h i s t o t h o s e of t h e o t h e r f a t t y ac ids . 
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in the pure rape-seed oil during 88 h heating. In the mixed oil the decrease 
of linoleic acid was a third of that in the pure oil, and the decrease of linolenic 
acid in the mixture was half of that in the pure oil. Retardation of erucic acid 
degradation was also shown by quantitative determinations (Table 4). How-
ever, concerning erucic acid there is a discrepancy in the results obtained 
with palmitic acid as reference, and those obtained with added pentadecanoic 
acid. As shown in Fig. 5, the erucic acid content of mixed frying oil did not 
decrease due to heating; on the contrary, the erucic acid content relative 
to that of palmitic acid increased. Quantitative determinations showed, 
however, about 30% decrease after 100 h heating. This is probably due to 
the fact that the method was less accurate for erucic acid than for the others. 
Erucic acid is the last to leave the column, and the peak was broad and often 
asymmetrical so that it was difficult to evaluate its area with the same accuracy 
as the areas of acids leaving earlier. The unambiguous evaluation of the be-
haviour of erucic acid requires further investigations. 
3. Conclusions 
The changes in fatty acid composition caused by heating of rape-seed 
oil were compared with those of a mixture of rape-seed oil and wheat germ 
oil (9 : 1). The results showed that the decrease of the unsaturated fatty acids 
as oleic, linoleic, linolenic and erucic acids due to heating was effectively 
retarded by the presence of wheat germ oil in the frying oil. Loss of oleic acid 
was completely inhibited, the loss of linoleic acid diminished to one third, 
and that of linolenic acid decreased to half of the original loss. It was proved 
that erucic acid was more heat resistant in the presence of wheat germ oil, 
but the exact quantitative evaluation of GLC data needs further investiga-
tions. 
It is obvious that some constituents of wheat germ oil retard the oxid-
ation-polymerization reactions in the oils due to heating. These findings are 
in accordance with earlier observations concerning the physical changes of 
frying oils. 
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WEIGHTING OF QUALITY CHARACTERISTICS IN THE 
SENSORY EVALUATION OF FOODS BY SCORING* 
R . L Á S Z T I T Y a n d F . Ö R S I 
(Rece ived A u g u s t 1, 1974) 
T h e f u n d a m e n t a l p r o b l e m s re la ted t o sys t ems of s e n s o r y e v a l u a t i o n b y 
scor ing a r e t h e fo l lowing: 
— se lec t ion of t h e a p p r o p r i a t e q u a l i t y charac te r i s t i c s , 
— s e t t i n g u p t h e sco r ing scale, 
— w e i g h t i n g t h e i n d i v i d u a l q u a l i t y charac te r i s t i c s . 
T h e l a s t of t h e p r o b l e m s is of p a r t i c u l a r i m p o r t a n c e . A p re requ i s i t e of 
deve lop ing t h e m a t h e m a t i c a l m o d e l of e v a l u a t i o n b y scor ing is t h e d e t e r m i n a t i o n 
of t he w e i g h t i n g f ac to r s . T h i s m a y be ach i eved b y uti l izing d i sc r iminance a n a l y s i s . 
A scor ing s y s t e m b a s e d on va lues o b t a i n e d b y d i sc r iminance a n a l y s i s 
a p p e a r s t o b e s u i t a b l e fo r t h e d e v e l o p m e n t of a n eva lua t ion s y s t e m more r e l i ab l e 
a n d e x a c t t h a n earl ier ones , a s shown in t e s t s carried o u t w i t h bot t led p e a c h e s 
a n d more l lo cherr ies , a s we l l a s canned p e a s . 
Beside their nutr ient and active agent content the value of foodstuffs 
is highly influenced by their sensory value, thus in judging the quali ty of 
foods the determination of their sensory value is of ex t reme importance. 
At present organoleptic qualities are es t imated almost exclusively by sensory 
methods, since the inst rumental evaluation of sensory characteristics was 
successful only in certain fields. For instance the tex tura l quality of some 
foodstuffs was successfully established by the measurement of their rheological 
properties. In other foods the colour is tes ted by inst rumental measurement 
(photometer, t intometer) . Extensive research work was required to elucidate 
the correlations and the instruments used are calibrated against our sense 
organs. 
To evaluate the sensory value of foods in the s t andards of different 
countries different scoring systems are specified. Difference methods (paired 
comparison, duo-trio test, triangle test) m a y be used only if the required 
quality is established in a s tandard sample and evaluation is carried out b y 
direct comparison. Difference techniques are suitable for t he numerical evalu-
ation of individual properties in case several grades may be applied to evalua te 
the t rend of differences between samples, t h a t is, to determine which sample 
* P a p e r r e a d a t t h e i n t e r n a t i o n a l conference organized b y t h e P O L I S H A C A D E M Y 
OP SCIENCES, P u l a w y , o n " S e n s o r y ana lys i s : P r o c e e d i n g s in s e n s o r y eva lua t ion of o d o u r 
a n d t a s t e " . 
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and to what extent is preferable to the other . However, this technique may 
not be ex tended over more than one p roper ty at a t i m e , thus it provides 
significantly less information t h a n scoring as specified in most quality s tandards . 
In order to develop a scoring system of scientific claim the sett l ing of 
three basic problems is requi red : 
1. Selection of appropr ia te quality characteristics; 
2. Fixing the scoring scale; 
3. Weighting of the individual qual i ty characteristics. 
System used at present System suggested 
Sensory characteristics 
Appearance  
Sensory characteristics 
Appearance 
Odour 
Characteristic chocolate 
flavour 
Taste defects due to 
roasting 
Off-flavour 
Rheological characteristics 
Fig. 1. Sugges ted c h a n g e s of sensory cha rac t e r i s t i c s in choco la t e g r a d i n g 
Odour and taste 
Texture-
The selection of a qual i ty characteristic having an important bearing 
on the sensory quality of a food has been the subject of thorough investiga-
tions. However, in relat ion to certain foods, practical experience has shown 
the necessity of reexaminat ion. I t seems desirable to abandon scoring of 
properties t o the measurement of which instruments are available, or in other 
cases to adap t the scoring of individual t a s t e factors ins tead of overall scoring 
of the taste. The latter is part icularly indicated if samples of complex taste 
character have to be judged and it would be extremely difficult t o express 
various tas te defects by a single characteristic. 
For instance in eva lua t ing chocolate the tex ture could he measured 
with a penetrometer or b y some other rheological ins t rument , while instead 
of the combined evaluation of taste and odour (HUNGABIAN STANDARD, 1 9 6 6 ) 
the characteristic chocolate odour, taste defects due to defective roasting and 
off-flavours could be separate ly scored. 
The sys tem used h i ther to and the suggested method are shown in Fig. 1. 
The f ixing of a scoring scale is an intr icate task. The s tandards of different 
countries specify different scoring scales. I n most of t h e m the weight of the 
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ndividual characteristics is expressed b y the difference in the length of the 
scale. The difference in the scale length however, as expressed earlier in m a t h -
ematical terms (ÖRSI , 1972), highly a f fec t s the distr ibution of scores. To 
illustrate the above in Fig. 2 the frequency distribution of the scores for t a s t e , 
colour and odour as well as of the to ta l score of bottled sour cherries is given. 
The densi ty function of the normal probability distribution of equa l 
average value and s tandard deviation is also illustrated in the figure. As can 
50% 
zj 
a 
Bottled Morello cherries 
0-100 
A tsL 00 CD CNI о со I Y CNI CO ««J 
° CO (ű X fN О 
(N fD чТ 
TOTAL SCORES 
50% 
7 
0-5 
Vh 
0 1 2 3 4 5 
ODOUR SCORES 
50%- 50%-
COLOUR 
0-40 
A 
CO LT) O- CJ) ri I I I I I I 
О CNI <r CO CD О 
TASTE SCORES 
Fig. 2. D i s t r i b u t i o n of scores in t h e sensory e v a l u a t i o n of b o t t l e d s o u r cherry in c a s e 
of d i f f e ren t sca le l e n g t h s 
be seen, the distr ibution of scores over the scales of 0—5, 0—15, 0—40 a n d 
0—100 approximates the normal distr ibution the more closely the longer 
the scale is. I t is evident t ha t deviations f r o m the normal distribution a p p e a r 
also in the evaluat ion of the results. If s ta t is t ical methods based on no rma l 
distribution are intended to be used, longer scales are necessary and t h e y 
should be of the same length for all the charaeteristics. The weighting of 
individual characteristics is preferably done b y multiplication with weighting 
factors. 
The s tandards prepared in the G D R ( G E R M A N STANDARD, 1972) are of 
advanced character because a uniform 5-point scale is used for judging eve ry 
charaeteristic and the results are multiplied b y factors to give each charac-
teristic the appropr ia te weight. 
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In developing a scoring system the proper weighting of the characteristics 
is the crucial point. Weighting of the characteristics enables the individual 
properties to participate according to their respective importance in the to t a l 
Score and in t he evaluation of quality. 
This s tudy was aimed a t the investigation of some problems re la ted 
to food evaluation by scoring and in par t icular of those of weighting. 
1. Materials and methods 
1.1. Samples 
The samples used for sensory evaluation were obtained from the N A G Y -
K Ő R Ö S C A N N I N G F A C T O R Y . Since samples of different quality were needed, 
some of them were taken directly from the processing line, others from storage. 
Three products were tested: bott led peaches, sour cherries and peas. 
They were contained in jars of 1 kilogram capacity and the former two were 
pasteurized in open water baths, the peas were sterilized in a retort unde r 
pressure. 
1.2. Sensory evaluation 
The sensory evaluation was carried out by a panel of 8 to 10 t r a ined 
members in accordance with standard specifications ( H U N G A R I A N S T A N D A R D , 
1952). 
1.3. Discriminance analysis 
The results of the sensory evaluations were ranked, taking into account 
total scores and taste scores, in quality categories as specified in the s t anda rd . 
Calculations were carried out at the U N I V E R S I T Y C O M P U T E R C E N T E R wi th a 
Razdan 3 t y p e computer. The program was prepared in the Algol programing 
language. The data-tape contained the number of quality grades, the number 
of selected characteristics, the number of d a t a per grade and the da t a them-
selves. In case of 3 grades, 5 characteristics and 100 d a t a the time required 
for processing was about 5 min. 
Results included the coefficients of the discriminance function, the 
result of variance analysis used to decide about the suitability of the discrimi-
nance equat ion and the new total values derived by the discriminance 
equation. 
2. Results and conclusions 
The use of scoring for evaluation is advantageous because it permits 
of evaluatii g several characteristics simultaneously. 
Evich .tly, the more < haracteristics are used in establishing the quality 
grade the sounder is the decision. However, increasing the number of character-
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istics involves problems. In Fig. 3 a quali ty field is seen, which was determined 
on the basis of two characteristics. I t is clear that in the hatched fields, to 
which the "good" or " b a d " values of bo th characteristics belong, t he sample 
will be of grade I or II . However, to reach a decision in the white fields is not 
unambiguous. 
Fig. 3. Quali ty field determined b y t w o character is t ics and X.,) 
The method used at present, based on the total score, solves the problem 
of reaching decision by dividing the quali ty field into two by Equ. 1: 
H = X , + X2 (Equ. 1) 
where Xx and X2 are the values of t h e two characteristics and H is the boundary 
value of the to ta l score dividing the two grades. 
By using the equation, the field considered problematic as regards 
decision, is divided into two, as seen in the quality field in Fig. 4. The section 
containing the "be t te r" characteristic values is classified as belonging to grade 
I, while the section containing the lower values to grade I I . 
If the two characteristics are of different weights this will appear in 
the equation in the form of multiplying factors. Such weighted characteristics 
are present in Equ. 2: 
H = B1X1 + B2X2 (Equ. 2) 
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where Bl and B, are factors determining the weight of the respective char-
acteristics. 
By transforming Equ. 2 the following expression is obtained 
H B x v 2 ~~ „
 R (Equ. 3) 
2 2 
If B2j>Bv characteristic B2 is of greater weight and the slope of the line 
is below 45°. In this case, as seen in Fig. 5, obviously the second characteristic 
is weighted lower, therefore on the basis of th is characteristic fewer samples 
will he classified as grade I, t h a n without weighting. 
If there are more than two characteristics the quality field is illustrated 
by a multi-dimensional space in which the equat ion (Equ. 4) used to calculate 
the total score forms a multi-dimensional plane and this will divide the quality 
field into quality grades. 
H = BxXx + B.,X2 + . . . + Bnxn (Equ. 4) 
In the scoring systems used at present accounting for the weight of 
individual characteristics is done empirically, in a subjective way or, at best, 
X2 
Grade II 
Fig. 5. Quality f ie ld showing the condi t ional equa t ion in case of weighted character is t ics 
on the basis of calculation technical considerations. However, the multiplying 
factors, apart f r o m determining the weight of individual characteristics, are 
important from the point of view of grading the product. 
Fig. 6 gives an illustration of the densi ty function of the total score 
of products belonging into grades I and I I . The products the total score of 
which falls in t he hatched field may not be unambiguously classified as grade 
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I or grade I I , without making some mis take. Therefore it is desirable to reduce 
the overlapping area. This may be achieved in two ways, either by increasing 
the difference 
d = Хц — Xi, or 
by reducing the s value of deviations. 
The weighting fac tors in the e q u a t i o n used for the calculation of the 
total score may be determined according to the discriminance analysis method 
of F I S H E R ( 1 9 3 6 ) and utilizing earlier analyt ical results, so as to sa t i s fy maxi-
mally these two conditions. 
Deduce a quotient Q by using t h e difference in the averages and the 
sum of variances according to Equ. 5: 
« = 7 x 7 - ( E t i u - 5 ) 
s i I s u 
where d = X\ — Х ц is the difference between the average values and Si 
and «и mark the deviations. 
The Q value thus obtained is t he higher the smaller the overlapping 
of the two distributions. Since the Q value is a function of В weighting factors, 
the lat ter have to be selected to give Q t h e highest value possible. To achieve 
this, Q funct ion is differenciated according to Bv B2, B3 .. . Bu and the 
quotients are reduced to zero or in other words the place of the maxima of the 
Q quotients belonging to each В value is determined. The system consisting 
of n conditional equat ions ends in E q u . 6: 
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h i B i + ЧпВг + • • • • + qmBn = eil 
<h\B\ + + Ягпвп = 
<lmBi + + Чппвп = dn ( E q u . 6 ) 
where Bx . . . Bn are the weighting factors sought for, dx . . . dn the difference 
between the average values of the two characteristics in the two quality 
grades. 
qtj values are calculated by Equ. 7: 
Ai An 
gu = 2 x " ( m > xMm) + 2 x'u(m) xjn(m) — 
m=1 m=1 
ki ki kiI kn. 
2 xn (m) 2 Xji (m) 2 xm(™) 2 Xjn(™) 
m = 1 m = 1 m = 1 m = 1
 (Equ. 7) ki ku 
where: 
ki and i n are the resp. numbers of analytical results in grades I and I I ; 
Хц = the values of i quali ty characteristic in grade I ; 
XjiJ = the values of j quality characteristic in grade I I ; 
m = index of the samples. 
The Bi values derived by solving the simultaneous equations are the mul t i 
pliers in the equation used for calculating the to ta l scores. Since no constant 
member is included in the equat ion the И,- values may he multiplied by a n y 
constant. This is useful from the point of view of practical application, because 
the Bi values, when fractions, may be t ransformed into whole numbers or t he 
to ta l score may be adjusted to the desired length of the scale. 
The application of the method is illustrated on the basis of the results 
obtained by the s tandard test of bottled peaches, manufactured in the N A G Y -
K Ő R Ö S CANNING F A C T O R Y . The 6 quality characteristics by which the sensory 
value is established ( H U N G A R I A N S T A N D A R D , 1958) are: colour, odour, t as te , 
texture, shape and defects of the raw material. 
These characteristics were evaluated as described in para. 1.2. in 
140 samples. The distribution of the scores deducted for defects is shown in 
Figs. 7 and 8. 
The frequency distribution of scores deducted for defects in colour, odour 
and taste is shown in Fig. 7. Though the distribution differs for products 
of grade I and grade II, a line unambiguously separating products of grade 
I and grade I I cannot be drawn. 
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Fig. 7. D i s t r i bu t i on of t h e scores for co lour , odour a n d t a s t e of bo t t l ed p e a c h e s 
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Fig. 8. D i s t r i bu t i on of t h e sco res for t e x t u r e , s h a p e and d e f e c t s of r a w m a t e r i a l in bottle, 
p e a c h e s 
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The frequency distribution of scores deducted for defects in shape and 
raw material, as shown in Fig. 8, presents a similar picture. 
Instead of simply calculating the total scores, a discriminance equation 
(Equ. 8) was established: 
X = B1X1 + B2X2 + B3X3 + Д Д 4 + B-X, + Bt>X, (Equ. 8) 
where 
Bv B2, B3, Bv B5, B6 are the weighting factors to be calculated, 
X1 is the score deducted for colour defect, 
X2 is the score deducted for odour defect, 
X 3 is the score deducted for taste defect, 
Xi is the score deducted for defects in texture, 
X 5 is the score deducted for defects in shape, 
X6 is the score deducted for defect in raw material, 
X is the index number used for classification. 
The new evaluating system developed on the basis of the coefficients 
of the discriminance function calculated according to para 1.4, compared to 
the s tandard method, is shown in Table 1. 
In comparison to the original standard method various modifications 
seem necessary in the system based on the discriminance equation. The weight 
of colour has to be increased substantially, t h a t of the texture slightly. The 
weight of taste and of defects of t he raw material has to be reduced substanti-
ally while tha t of shape slightly. I n case of the products investigated the role 
of these characteristics differs f rom the original conception. 
Table 1 
The standard method and the new scoring system based on discriminance analysis for the 
evaluation of bottled peaches 
Maximum detractable 
score 
Quality characteristic According to 
the standard 
method 
In the new 
system 
Colour 15 35 
Odour 5 5 
Taste 40 29 
Texture 10 и 
Shape 10 9 
Defects of the raw mater ial 10 1 
Value dividing grade I and 11 82 83 
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The distr ibution in grade I and grade I I of the t o t a l scores ob ta ined 
by weighting t he results of discriminance analysis is shown in Fig. 9. 
Discriminance analysis has shown t h a t 5% of the products were earl ier 
r anked wrongly because the total score as computed b y the discriminance 
equat ion fell in the field beyond the dividing line. 
During the last three years several products of t he canning indus t ry 
were tested similarly (HUNGARIAN STANDARD, 1964). 
Though t he da ta processed were of l imited amount it is possible t o d r a w 
some conclusions. 
50% 
50%-
3 
a 
Grade II 
TA 
и 8 12 16 20 24 28 32 36 40 
TOTAL SCORES 
Grade I 
h -
4 8 12 16 20 24 28 32 36 40 
TOTAL SCORES 
Fig . 9. D i s t r i bu t ion of t o t a l scores of bo t t led p e a c h e s ob t a ined by w e i g h t i n g in a c c o r d a n c e 
w i t h d i sc r iminance ana lys i s 
The first conclusion is t h a t the method used was basically satisfactory, 
substantial changes are not needed. However, certain corrections seemed 
necessary. The system has to be adapted to certain products, even to di f ferent 
periods. 
Table 2 lists the results of studies in relation to some products of t h e 
canning industry. 
During three consecutive seasons 100 products were subjec ted to sensory-
evaluation according to para . 1.2. The results were processed b y discriminance 
analysis in accordance with para . 1.3. 
As can be seen, the deviations may be substantial in certain periods 
with certain products . 
The amount of the processed data is no t sufficient t o draw fur ther 
conclusions. I t seems evident, however, t h a t the deviations exposed by dis-
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Table 2 
Results obtained by discriminance analysis of the sensory values of products of the canning 
industry in three subsequent seasons 
Characteristics Standard 
Bott led sour cherries Bottled peaches Green peas 
scores 
1970 1971 1972 1970 1971 1972 1970 1971 1972 
Colour 15 6 13 13 35 30 14 19 21 15 
Odour 5 8 6 6 5 15 3 4 5 5 
Taste 40 41 45 40 29 24 40 38 27 29 
Texture 10 10 9 10 11 3 10 18 11 13 
Defects of the 
raw material 10 14 8 9 1 12 7 8 27 20 
Value dividing 
grade I and 
grade I I 72 79.5 77 78 73 78 83 79 6 6 79 
criminance analysis may be traced to technological defects and the exposure 
of these defects is of great importance. 
Coming back to the original product , t o peaches, i t was established t h a t 
in case of insufficient hea t t rea tment or in the presence of more than average 
oxidase enzyme content t h e y are apt t o become brown. Since the coloui 
defect was responsible for the lower value, it was obvious that the weight 
of this characteristic was increased by discriminance analysis. 
A greater amount of d a t a is at present under processing and it is hoped 
tha t the resul ts obtained f rom the d a t a representing a longer period will 
permit drawing conclusions of more general validity. 
Discriminance analysis thus may be advantageously applied in the 
weighting of quality characteristics accounting for several properties a t the 
same time. Though the calculations requi red are of great volume, with modern 
computers t hey can be carried out in a short time wi th great precision and 
thus evaluat ion will be more exact. 
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POLYPHENOLOXIDASE OF SOLANUM MELON GEN A AND 
ITS NATURAL SUBSTRATE 
S . RAMASWAMY a n d D . V . R E G E 
(Received O c t o b e r 9, 1974) 
T h e p o l y p h e n o l o x i d a s e e n z y m e f r o m b r i n j a l (Solanum melongena) was 
i so la ted f r o m t h e p u l p b y bu f f e r e x t r a c t i o n , p u r i f i e d b y p r ec ip i t a t i on w i t h a m -
m o n i u m s u l p h a t e a n d ace tone -po lyv iny lpy r ro l idone , a n d i ts p r o p e r t i e s were s tu-
d ied . T h e e n z y m e e x h i b i t e d an o p t i m u m p H of 6.8. I t s Michaelis-Menten c o n s t a n t 
w a s 1.675 m M for ca t echo l . H e a t i nac t i va t i on of t h e e n z y m e w a s f o u n d t o follow 
f i r s t o rde r k ine t ics . T h e r e w a s 9 0 % des t ruc t i on o n e x p o s u r e to 50, 60 a n d 70 °C 
for 16, 7.3 a n d 1.4 m i n , respec t ive ly . T h e a c t i v a t i o n ene rgy was 26.66 kca l pe r 
mole . T h e e n z y m e w a s ac t ive t o w a r d d iphenol s u b s t r a t e s b u t i n a c t i v e t o w a r d 
m o n o p h e n o l s . Cys te ine , sod ium chlor ide , sod ium m e t a b i s u l p h i t e a n d sod ium 
d i e t h y l d i t h i o c a r b a m a t e inh ib i t ed t h e ac t i v i t y t o 49, 53, 58 a n d 8 1 % levels a t 
10~3, 1 0 - 4 , 1 0 - 5 a n d 10~5 M , respec t ive ly . T h e a c t i v i t y w a s d e c r e a s e d on 
dia lys is aga in s t c y a n i d e b y a b o u t 7 7 % b u t t h e e n z y m e was r e a c t i v a t e d b y 8 
/mioles of copper p e r 5 m g e n z y m e p r o t e i n a lmos t t o t h e original v a l u e . 
One pheno l i c c o m p o u n d w i t h R e v a l u e s of 0.5 a n d 0.48 in n - b u t a n o l —acetic 
acid —water ( 4 : 1 : 5) a n d 2 % ace t i c acid s y s t e m s , respec t ive ly , w a s s h o w n t o 
ac t a s a s u b s t r a t e f o r t h e po lypheno lox idase e n z y m e . T h e c o m p o u n d w a s char-
ac te r i zed a s a d e r i v a t i v e of caf fe ic ac id . 
Brinjal fruit (Solanum melongena) when cut apar t and exposed to air 
darkens indicating the presence of an oxidative enzyme system. This type 
of discolouration in frui ts and vegetables is considered to be the result of 
aerobic oxidation of naturally occurring phenolic substances catalyzed by 
a copper-containing enzyme, polyphenoloxidase, although peroxidases, as-
corbic acid oxidase and other oxido-reductases may also be involved (MAKOWER 
& SCHWIMMER, 1 9 5 7 ) . Bolyphenoloxidases of a number of fruits and vegetables 
have been studied. The enzyme from potatoes (CLARK et al., 1957) was the 
first to be isolated but mushrooms are a more concentrated source (PALMER, 
1 9 6 3 ) . The polyphenoloxidases are present in apples, apricots, cherries, peaches 
and pears ( JOSLYN & PONTING, 1951) , bananas ( P A L M E R , 1963) , dates (MAIER 
& METZLER, 1965) , avocado and egg-plant ( K N A P P , 1 9 6 5 ) and sweet potatoes 
(SCOTT & KATLAN, 1957) bu t are absent f rom citrus frui ts , melon and tomatoes 
( JOSLYN & PONTING, 1 9 5 1 ; PONTING, 1 9 6 0 ) . Very few reports have been 
published on the polyphenoloxidase of brinjal ( K N A P P , 1 9 6 1 ; K N A P P , 1 9 6 5 ; 
SAKAMURA et al., 1 9 6 6 ; R H O A D E S & C H E N , 1968) . 
The enzymes oxidising phenols are known by several trivial names such 
as polyphenoloxidase, tyrosinase and catecholase. The systematic name for 
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a fairly well-defined enzyme in this group is o-diphenol : 02 oxido reductase 
(E. C. 1.10.3.1). Polyphenoloxidase is claimed to catalyse the oxidation of two 
monohydroxy phenols, para-cresol and tyrosine, both with para-substi tuted-
CH2 groups, as well as of a number of ortho dihydroxy phenols. The latter 
include caffeic acid, catechol, chlorogenic acid, dihydroxy phenylalanine, 
pyrogallol, quercetin and myricetin. Flavonol glycosides do not behave 
as substrates for this enzyme (CHARLEY, 1972). 
A major ortho dihydroxy compound widely distributed in fruits and 
vegetables is chlorogenic acid ( S W A I N , 1 9 6 2 ) . The occurrence of chlorogenic, 
neochlorogenic and caffeic acids which give brown colour with purified poly-
phenoloxidase in egg-plant has been reported ( S A K A M U R A & O B A T A , 1 9 6 3 ) . 
An active principle from the alkaline hydrolysate of purified extracts of 
Solanum melongena was identified as caffeic acid ( B E N I G N I et al., 1 9 5 8 ) . 
In the present work, the purification and properties of polyphenol-
oxidase and its natura l substrate in brinjal have been investigated. 
1. Materials and methods 
A common purple variety of brinjal (Solanum melongena) of average 
size (6 cm long and 5 cm in diameter) was used in this work. The authentic 
phenolic compounds were obtained from SIGMA CHEMICALS C O M P A N Y , USA. 
The reagents used were of analytical grade. 
1.1. Purification of the enzyme 
Fresh brinjal extract was prepared by grinding 100 g tissue (chilled, peeled 
and cut into pieces) in 400 ml of 0.005 M phosphate buffer p H 7. The insoluble 
pulp was removed by filtering through muslin cloth followed by centrifugation. 
The filtrate was held in the dark in an ice-chamber until used. 
Fractional purification with ammonium sulphate was performed on the 
water extract at 4 °C. The precipitate formed at each concentration was 
removed by centrifugation at 5 000 g for 30 min, redissolved in 40 ml 
distilled water and dialyzed for 12 hrs at 0 °C. 
For the precipitation of acetone powder, 100 g of frozen, peeled and cut 
br injal tissue was blended with 300 ml of chilled acetone and 10 ml of a 
20% aqueous solution of polyvinylpyrrolidone (PVP) in a Waring blender 
for 1 min and filtered through a Whatman No. 1 filter paper. The procedure 
was repeated once more and the residue was filtered to dryness. The powder 
was stored at 0 °C in a dry atmosphere. 
The enzyme extracts were prepared by mixing the acetone powder 
with 200 ml of distilled water and keeping overnight at 4 °C. The slurry 
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was squeezed through a muslin cloth and centrifuged at 1 ООО g for 30 min 
for fur ther clarification. 
Nitrogen was determined by the Nesslerization micTO-Kjeldahl method 
( K O C H & M C M E E K I N , 1 9 2 4 ) . 
1.2. Determination of polyphenoloxidase activity 
The method of P O N T I N G and J O S L Y N ( 1 9 4 8 ) slightly modified, was used 
to follow the activity of polyphenoloxidase on the basis of the ra te of for-
mation of coloured product from catechol used as substrate. 
The assay was conducted by adding 1 ml of 0.01 M catechol solution 
at zero time to 1 ml of enzyme in 0.005 M Na 2 HP0 4 solution in a total volume 
of 5 ml made up with 0.005 M phosphate buffer pH 6.8. The reaction mixture 
was shaken and the colour was read at 400 nm in a Klett-Summer son Photo-
electric Colorimeter after 3 min. One unit of enzyme activity was defined as 
tha t causing a colour change equivalent to one Klett uni t per min under the 
experimental conditions specified above. 
1.3. Gel electrophoresis 
Polyacrylamide gel (PAG) electrophoresis (acrylamide: 7.5%) was carried 
out on the enzyme fraction obtained at 4 0 — 7 0 % saturation with ammonium 
sulphate. The electrophoresis conditions were the same as used by D A V I S 
( 1 9 6 4 ) . 
To detect polyphenoloxidase activity, the gels were immersed in a 
jreshly prepared 0.01 M solution of catechol for 15 min at 30 °C. To identify 
the monophenoloxidase activity, the gels were treated with 0.01 M tyrosine 
for 15 min at 30 °C and then kept in contact with the active enzyme solution 
for 15 min at 30 °C. 
1.4. Isolation of polyphenolic compounds 
The polyphenolic compounds were extracted with methanol and ethyl-
acetate as described by R A M A S W A M Y and R E G E ( 1 9 7 5 ) following the method 
employed by R I V A S and L U H ( 1 9 6 8 ) . 
1.5. Detection of the substrate for polyphenoloxidase on the chromatogram 
The polyphenolic compounds of brinjal in the ethyl acetate extract were 
fract ionated by two-dimensional ascending chromatography on Wha tman 
No. 1 paper (35 X 35 cm) at 25 °C using n-butanol—acetic acid—water 
(BAW 4 : 1 : 5) as the first solvent for 15 hrs and 2% acetic acid as the second 
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solvent for 3 hrs. After drying the chromatogram, the enzyme solution pre-
pared by ammonium sulphate precipitation was sprayed on it and the chro-
matogram allowed to dry in the open air at 30 °C. The appearance of brown 
spots indicated t h e presence of a substrate. 
1.6. Separation and purification of the substrate 
The ethylacetate fraction was applied with a 100-gl pipet te along a line 
30 cm long at the narrow end of Whatman 3 mm paper sheet. Twenty-five 
such papers were developed in ascending direction with 2% acetic acid for 
3 hrs and then dried in air. The band which browned on enzyme spraying 
was eluted with 95% ethanol f rom unsprayed papers and concentrated under 
vacuum. 
1.7. tlf values and colour reactions 
The concentrate was fur ther purified by two-dimensional ascending 
chromatography using BAW ( 4 : 1 : 5 ) and 2% acetic acid systems as described 
earlier. The air-dried chromatograms were examined under ultraviolet and 
on exposure t o ammonia vapour (SWAIN, 1953). One chromatogram was 
sprayed with freshly prepared FeCl3—K3Fe(CN)E reagent (KEPPLER, 1957), 
rinsed with 2% HCl and finally with distilled water. The blue spots of the 
polyphenolic compounds were detected and R j values measured. 
Four additional chromatograms were sprayed separately with diazotized 
p-nitroaniline (DPNA) ( S W A I N , 1953), Hoepfner reagent ( W A L K E R , 1962), 
vanillin reagent (SWAIN & H I L L I S , 1959) and sodium borohydride (HOROWITZ, 
1957). The colour characteristics of the spots were noted. 
.1.8. Absorption spectra 
Ultraviolet and visible absorption spectra of the chromatographically 
purified compound were recorded in a Beckman DK-2 Recording Spectro-
photometer. A 5% ethanolic aluminium chloride solution was used to s tudy 
the shift in absorption peaks due to chelation of phenolic compounds containing 
ortho-dihydroxy configurations. 
2. Results 
2.1. Purification of enzymes 
Purification of enzymes, in particular polyphenoloxidase, offers special 
problems because of the close association of the substrate as well as other 
phenolic compounds which are extremely difficult to separate and which 
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freely nndergo nonenzymic oxidation causing browning. Several methods, 
therefore, had to be tried and conditions of experimentation adjusted in order 
to minimize these interferences. 
When the acetone—polyvinylpyrrolidone extraction method (LOOMIS & 
B A T T A I L E , 1 9 6 6 ) was adopted, a fairly colourless enzyme preparation was 
obtained. However, only about 10% of the enzyme activity was recovered. 
Ammonium sulphate precipitation gave recovery of 42.5% activity in the 
precipitate at 40—75% saturation. The specific activities of ammonium 
sulphate precipitate and acetone powder were found to be 2.5, and 1.9 units 
per mg protein, respectively, whereas the fresh extract contained 4.9 units 
per mg protein. 
с t 
2.2. Properties of enzyme 
The p H optimum of brinjal polyphenoloxidase was found to be 6.8. 
This value is different from the values of 5 . 0 — 5 . 2 and 7 . 0 reported by K N A P P 
( 1 9 6 5 ) and R H O A D E S and C H E N ( 1 9 6 8 ) , respectively. 
On dialysis against 10" 4 M NaCN for 12 h the activity of the enzyme 
preparation decreased to 23% of the original. I t was observed t h a t 8.8 
/tmoles of Cu + + per ml of enzyme solution (5 mg protein/ml) could react ivate 
the brinjal polyphenoloxidase activity to 98%. 
Though the a t tempt to determine Km value for egg-plant polyphenol-
oxidase activity on catechol by R H O A D E S and C H E N ( 1 9 6 8 ) remained unsuc-
cessful, the plot of \jv vs 1 js in the present case showed a linear relationship 
within the range of 100 pM to 10 m l of catechol solution. The observed 
K m value for brinjal polyphenoloxidase is 1 . 6 7 5 m l . K N A P P ( 1 9 6 5 ) reported 
a Km = 4.0 mM for egg-plant polyphenoloxidase activity with catechol as 
substrate. 
2.3. Heat inactivation 
The heat inactivation of brinjal polyphenoloxidase was carried out at 
50, 60 and 70 °C and the results of these studies are shown in Fig. 1. A plot 
of the logarithm of residual activity versus heating time showed a linear 
relationship indicating tha t the heat inactivation of brinjal polyphenoloxidase 
follows first order kinetics. The linearity of the curve also showed that a single 
enzyme is operative or t h a t if more than one enzyme are involved, all have 
identical thermal inactivation characteristics. 
The D values indicate tha t 90% of the polyphenoloxidase is inactivated 
by heating for 16 min at 50 °C, 7.3 min at 60 °C or 1.4 min at 70 °C. From the 
rate constants for the heat inactivation of polyphenoloxidase, the activation 
energy was observed to be 26.66 kcal. 
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2.4. Substrate specificity 
Even though the products of polyphenoloxidase activity on different 
substrates are reported to have different absorption maxima, the relative 
activity of th is enzyme was determined in the present work by following 
the increase in colour intensity a t 400 nm. The polyphenols to be enzymically 
oxidized are catechol, caffeic and chlorogenic acids and dihydroxyphenyl-
alanine in the order of decreasing activity under the specified conditions. 
I 70 °C \ 60 °C 
OH , , , »—I 1 I  
0 4 8 12 16 20 24 
TIME IN MINUTES 
Fig . 1. H e a t inac t iva t ion of b r i n j a l polyphenoloxidase 
The relative activity of the enzyme on dihydroxyphenylalanine, caffeic acid 
and chlorogenic acid was 30.4, 47.8 and 39.1% respectively, o f t h a t on catechol. 
Catechol appears to be the best substrate of the compounds tested for the 
crude enzyme. There was no measurable activity with monophenols tested. 
2.5. Gel electrophoresis 
Experiments to separate the enzyme fraction according to the electro-
phoretic mobility on PAG showed the existence of only one band of relatively 
low mobility as indicated b y the brown b a n d on catechol treatment. The fact 
that the electrophoretically separated pa t t e rn did not contain another protein 
with monophenoloxidase activity was checked by dipping the gel in tyrosine 
(0.01 M) for 15 min followed by t rea tment with fresh enzyme solution. No 
browning was noticed, showing tha t monophenoloxidase activity in the 
protein b a n d was absent. These experiments conclusively show (1) t h a t the 
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enzyme fraction moves as a single band on PAG electrophoresis; (2) t ha t this 
single band corresponds only to polyphenoloxidase; and (3) tha t there is no 
monophenoloxidase activity in the enzyme fraction. 
In a similar work, RHOADES and C H E N (1968) reported t h a t tyrosinase 
was not the correct term for the egg-plant enzyme because monophenols were 
not acted upon by the same enzyme. 
2.6. Inhibitors 
Table 1 summarizes the effects of selected concentrations of different 
inhibitors on the oxidation of catechol by brinjal polyphenoloxidase. The data 
provide estimates of comparative activities of the agents used. Of the four 
inhibitors tried, sodium diethyl dithiocarbamate exerted maximum inhibition. 
T a b i c l 
Inhibition of brinjal polyphenoloxidase 
Inhibitora Concen- Inhibition Standard tration, M % deviation 
1. Cysteine Ю - 3 49 0.71 
2. Sodium chloride i o - 4 53 0.52 
3. Sodium metabisulphite i o - 5 57 0.40 
4. Sodium diethyl di thiocarbamate 1 0 - 5 81 0.35 
The assay solution contained: 1 m l e n z y m e solu t ion in 0 .05 M p h o s p h a t e bu f f e r 
p H 6.8, 1 m l of inh ib i to r s of 5 X 10~3 or 5 X 10~4 or 5 X 1 0 ~ 5 M c o n c e n t r a t i o n , 2 ml 
p h o s p h a t e b u f f e r p H 6.8 a n d 1 ml of 0.01 M ca techol so lu t ion 
2.7. Characterization of the substrate for polyphenoloxidase 
Although eleven polyphenolics were separated by two-dimensional 
chromatography of the brinjal extract, only one spot developed brown colour-
ation when sprayed with the enzyme preparation. The jRf value of this spot 
was found to be 0 . 5 and 0 . 4 8 in BAW ( 4 : 1 : 5 ) and 2 % acetic acid solvent 
systems, respectively. 
Par t ia l purification of the substrate was carried out by one-dimensional 
paper chromatography with 2% acetic acid as solvent system. The compound 
was fur ther purified by two-dimensional paper chromatography with BAW 
( 4 : 1 : 5 ) and 2% acetic acid. 
Table 2 lists the Rf values of the polyphenoloxidase substrate and the 
authentic polvphenolic compounds.The compound does not correspond to any 
of the polyphenols tried including caffeic, ferulic and chlorogenic acids. From 
the Rf values taken from W R I G H T and co-workers ( 1 9 6 0 ) the compound with 
the Rf value 0.48 in the 2% acetic acid system appears to he protocatechuic 
acid. 
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Tab le 2 
Rj values of polyphenoloxidase substrate 
R/ values 
Compounds BAW (4 :1 :5) 2% HOAc 
X 
1 
s 1 X s 
Polyphenoloxidase substrate 0.50 0.008 0.48 0.007 
S tandards 
Ferulic acid 0.81 0.004 0.45 0.003 
Caffeic acid 0.71 0.067 0.23 0.004 
Chlorogenic acid 0.61 0.005 0.70 0 003 
Coumarie acid 0.89 (a) — 
Cinnamic acid 0.90 (a) — 
Phloroglucinol 
— 
0.53 (b) 
Salicylic acid 
— 
0.67 (b) 
m-(OH) benzoic acid 
— 
0.64 (b) 
p-(OH) benzoic acid 
— 
0.59 (b) 
p-(OH) pheny l acetic acid 
— 
0.76 (b) 
Protocatechuic acid — 0.48 (b) 
3-5 d ihydroxy benzoic acid 
— 
0.50 (b) 
Caffeic acid derivative 0.43 (c) 0.5 (c) 
(a) LEVY a n d ZUCKER (1960) X = m e a n 
(b) WRIGHT et al. (1960) s = s t a n d a r d d e v a t i o n 
(c) RIVAS a n d LUH (1968) B A W = n - b u t a n o l - a c e t i c a c i d - w a t e r 
However, the colour reactions of the subst ra te summarized in Table 3 
show a close similarity with ferulic and caffeic acids. The compound produces 
a reddish brown colour with diazotized p-nitroaniline whereas protocatecliuic 
acid gives a dist inct violet colouration. 
Table 3 
Colour reactions of the natural polyphenoloxidase substrate in brinjal 
Treatment Colour 
и . V. light Blue 
и . V. + N H j Yellowish green 
Visible light + N H 3 Yellow 
FeCl3— K3Fe(CN)6 Blue 
D P N A * Reddish brown 
Hoepfner reagent Yellow 
Vanillin reagent Colourless 
NaBH 4 —HCl vapour Colourless 
* D P N A = d i azo t i z ed p -n i t roan i l i ne 
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The absorption maxima, minima and the bathochromic shift in A1C13 
obtained with the compound are quite dissimilar to those obtained with t h e 
above three phenolics. The absorption spectrum shows a close similarity wi th 
chlorogenic acid (Table 4). R v a l u e s and spectral characteristics of the com-
pound seem to agree with those of a derivative of caffeic acid reported b y 
R I V A S a n d L U H ( 1 9 6 8 ) . 
Table 4 
Spectral characteristics of the polyphenoloxidase substrate 
и V absorption 
Compounds 
i'mai (nm) Imin С1™) i-mai (nm) with 
A101, 
Polyphenoloxidase substrate 323, 294 264 327, 299 
S tandards 
Ferulic acid 320, — — — — 
Caffeic acid 328, 298 262 — — 
Chlorogenic acid 325, 295 265 328, 300 
Caffeic acid derivative* 325, 295 265 328, 300 
* RIVAS a n d LUH (1968) 
3. Conclusions 
According to the results, the precipitated enzyme showed a lower 
value of specific activity than the fresh extract of brinjal. A combination of 
acetone and PVP which is considered a stronger hydrogen acceptor t han 
either acetone—polyethylene glycol or acetone alone, did not show any inc-
rease in specific activity indicating a loss in enzyme activity due to inac-
1 ivation during the process of purification. 
The pH opt imum of brinjal polyphenoloxidase was 6.8. At alkaline 
pH values, autoxidation of the substrate (catechol) made it impossible to 
measure enzyme activity with any accuracy. At lower pH values, particularly 
below a pH of 3.0, enzyme activity could not be demonstrated, and subsequent 
raising of the pH did not restore it. The Cu of the enzyme was removed on 
dialysis against sodium cyanide which led to the inactivation of the enzyme. 
I t could, however, be reactivated by adding Cu + + . The Michaelis constant, D 
values of heat inactivation and activation energy of the enzyme were also deter-
mined. The brinjal polyphenoloxidase was found to oxidize polyphenols such as 
catechol, caffeic and chlorogenic acids and dihydroxyphenylalanine, whereas 
with monophenols such as p-cresol and tyrosine, no measurable activity was 
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observed. On the basis of t he electrophoretic mobility in PAG, it was observed 
tha t the enzyme moved as a single band showing only the polyphenoloxidase 
activity. The activity was inhibited by substances which form stable complexes 
with copper, which reduce the o-quinone before it polymerizes, and which 
form complexes with quinones. Sodium chloride also inhibited the enzyme 
by a mechanism which has not been elucidated. 
The natural substrate for polyphenoloxidase enzyme present in tissues 
of brinjal was characterized as a derivative of caffeic acid on the basis of R j 
values and colour reactions with FeCl3—K3Fe(CN)0, diazotized p-nitroaniline, 
Hoepfner, sodium borohydride, and vanillin-HCl reagents, fluorescent be-
haviour and absorption spectra. 
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THE BREAKDOWN OF MYOFIBRILLAR PROTEINS 
BY SEVERE HEATING 
V . M I H Á L Y I - K E N G Y E L , E . ZUKÁL a n d L . K Ö R M E N D Y 
(Rece ived O c t o b e r 25, 1974) 
T h e c h a n g e s of myof ib r i l l a r p r o t e i n f r a c t i o n of p o r k s e m i m e m b r a n o s u s 
m u s c l e d u r i n g h e a t t r e a t m e n t were i n v e s t i g a t e d . I t h a s been f o u n d t h a t p a r t 
of t h e coagu l a t ed musc le p r o t e i n dissolves in w a t e r a f t e r h e a t i n g a t h i g h t e m p e r a -
t u r e (120 °C). 
M e a s u r e m e n t s w i t h t h e a m i n o ac id ana lyse r c o n f i r m e d t h e a s s u m p t i o n 
t h a t some of t h e musc le p r o t e i n s s u f f e r b r e a k d o w n d u r i n g t h e t i m e of h e a t i n g 
a t 120 °C y ie ld ing f r ee a m i n o ac ids a n d p e p t i d e s of low molecu l a r w e i g h t . 
The heating of muscle systems is an interesting field of meat research 
of ever-growing significance, important for the practice of meat processing 
in relation to nutritive value, and also to the development of f lavour and 
aroma compounds. 
Much research has been done in order to elucidate the changes in meat 
proteins effected by heating (HAMM, 1 9 6 6 ; BOGNÁR, 1.971; JANITZ, 1 9 7 1 ; 
MARSH & FLAUMENBAUM, 1 9 7 1 ; SAVIC, 1 9 7 2 ) . Obviously a great deal of 
information has accumulated on various proteins (proteins of muscle and t h a t 
of connective tissue) but the findings are restricted mainly to changes observed 
below 100 °C. 
Z U K Á L ( 1 9 7 0 ) — investigating the effect of long lasting heat t r ea tmen t 
at 120 °C on purified beef myofibrils — found, tha t extensive changes were 
going on in myofibrillar protein even in the absence of other reactants (sugar, 
salts, etc.). The changes take place in the water-solubility of the protein: 
in other words the same proteins which become insoluble in water when heated 
between 6 0 and 1 0 0 °C, dissolve again at 1 2 0 °C. I t was also suggested (SCHO-
BERL & HAMM, 1 9 6 4 ) , t ha t this process might be caused by a breakdown 
either of hydrogen bonds or, perhaps, of disulphide bonds in the proteins. 
In these experiments prolonged heating periods were choosen which 
are not used in meat processing. However, temperatures as high as 120 °C are 
commonly used in producing sterilized canned meat products. Preliminary 
results verified namely tha t the proteins of myofibrils do not suffer appreciable 
changes at low temperatures and/or short heating periods, concerning either 
nutritive value or thermal degradation (ZUKÁL, 1970) . The experiments are 
of theoretical interest and contribute to the knowledge of the mechanism 
of heat decomposition of meat proteins. 
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1. Materials and methods 
1.1. Preparation of myofibrils (purified myofibrillar protein) 
Post rigor semimembranosus muscle was minced twice. One part of meat 
was mixed with 1.5 parts of cooled distilled water (5 °C) in a Ultrathurrax 
homogenizer ( J A N K E - K U N K E L T45) for 30 sec and rubbed through a sieve 
(1 mm mesh) to eliminate connective tissue. The gel thus obtained was centri-
fuged at 2 500 g for 20 min, a f te r which one pa r t of gel was again mixed with 
1.5 parts of 1% NaCl solution (in water) and centrifuged as before. The rest 
was mixed with cooled water ( 1 : 5 ) and centrifuged. This washing procedure-
was repeated three times.The protein sediment resulting from the last centrifu-
gation was used for the experiments. From minced pork semimembranosus 
muscle sarcoplasmic protein and the greater part of connective tissue has 
been removed. The rest, what we call purified myofibrillar protein, contained 
also traces of mitochondrial particles. 
1.2. Heating 
Samples of purified myofibrillar protein were put into cans (diametre: 
7 cm, height: 3.5 cm). After sealing they were heated in a thermosta t at 
80 °C, or in an autoclave at 120 °C. The heating times were: 7.5, 15, 22.5, 30, 
37.5 and 45 hours. 
1.3. Determination of the amount of water-soluble materials 
The cans were opened and the samples were suspended in boiling water. 
The insoluble residue was separated by fil tration. This procedure with the 
insoluble residue was repeated until the last filtrate was free of water soluble 
nitrogenous compounds. The filtrates were collected. The water f rom the 
insoluble residue and from the material was evaporated (in form of an azeotro-
pic mixture of ethanol and water) on a water bath. 
1.4. Determination of non-protein nitrogen 
The extract ion of non-protein nitrogen was carried out with 10% tri-
chloro acetic aeid and/or 80% ethanol. 1 g of the dry material was rubbed 
in a mortar with 10 ml of these solutions. The nitrogen content was determined 
according to Kjeldahl. 
1.5. Amino acid analysis 
Amino acids were determined in 80% ethanol extract . To 2 ml of this 
extract (nitrogen content : 1.6 mg) 10 ml of 1% picric acid solution was added 
and the mixture was centrifuged (10 min, at 7 000 rpm). Picric acid was 
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removed from the supernatant by a column filled with Dowex 2 X 8 ( S T E I N & 
MOORE, 1 9 5 4 ) . The purified material was dissolved in 1 ml 0 . 2 N c i t ra te buffer 
(pH 2.2) and the separation and determination of amino acids were made 
by an automatic amino acid analyser (BIOCAL). 
2. Results and conclusions 
Table 1 shows the composition of the pork myofibrillar protein fraction 
which was used throughout this experiment . The effect of heating a t 120 °C on 
meat protein can be seen in Fig. 1. As Fig. 1 shows the water soluble fraction 
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Fig. 1. E f f e c t of h e a t i n g on so lubi l i ty of m y o f i b r i l l a r gel. 1 — in wa te r ; 2 — in 10% 
t r i ch lo ro ace t i c ac id; 3 — in 8 0 % e t h a n o l 
increased steadily with heating time. The same results were obtained with 
beef myofibrils by ZUKÁL ( 1 9 7 0 ) . After 4 5 hours of heating 4 6 % of the myo-
fibrillar proteins became water-soluble. This aqueous extract contains proteins 
and N-compounds of low molecular weight t ha t are soluble in trichloro acetic 
acid or ethanol. 
The changes taking place during heat ing in solubility in 10% trichloro-
acetic acid and in 80% ethanol can be a t t r ibu ted to the formation of nitro-
genous compounds of low molecular weight, i.e. to the breakdown of myo-
fibrillar proteins. These changes were not observed at 80 °C even af ter heat ing 
for 45 hours. 
The increase in protein N-content of the water ext rac t during heat ing 
can be explained presumably by rearrangement of the secondary and t e r t i a ry 
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Table 1 
Analysis of protein gel 
Component % 
Dry subs tance (% of gel wt.) 9.09 
Total n i t rogen (% of d ry substance) 15.18 
Lipid (% of dry substance) 1.82 
Connective tissue protein nitrogen 
(% of to ta l nitrogen) 0.81 
NaCl content (% of d ry substance) 0.002 
structure of the coagulated myofibrillar proteins which renders them water 
soluble. Fur ther investigations should be carried out to elucidate this 
phenomenon. 
The tests b y amino acid analyser confi rmed the assumption tha t some 
of the muscle proteins suffer breakdown dur ing heating at 120 °C yielding 
free amino acids and peptides of low molecular weight. The changes in content 
of free amino acids and peptides are plotted as a function of heating t ime in 
Fig. 2. While the amount of peptides increases slowly during heating, the 
amount of free amino acids increases at a much higher rate, mainly f rom the 
22.5th hour onward. 
Fig. 3. shows the percentage of free amino aeids, as determined with 
t he amino acid analyser, as a function of heat ing time. 
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Fig . 2. C h a n g e s in c o n t e n t of f r e e amino ac ids (1) a n d p e p t i d e s (2) du r ing h e a t i n g 
Acta Alimentaria 4, 1975 
371 M I H Á L Y I - K E N G Y E L et al. : M Y O F I B K I L L A R P R O T E I N B R E A K D O W N BY' H E A T I N G 
0.8-
0.6-
0.4-
0 . 2 -
J . JIJL J J .drill M Л ATI J A _dL J. 
LYS HIS ARG CYS ASP THR SER GLU PRO GLY ALA VAL MET ILE LEU TYR PHE 
Fig . 3. Changes of f r ee amino a c i d s d u r i n g h e a t i n g (120 °C, 7.5, 15, 22.5, 30, 37.5 a n d 
45 hours) 
On the hasis of our investigations it was established t h a t free amino 
acids are not released from peptide linkages in the myofibrillar protein at 
80 °C as mentioned earlier and they can he released only at higher temperatures, 
e.g. a t 120 °C and during a long heating time. 
Provided tha t ammonia develops below 100 °C (DROSDOV, 1938; JANITZ, 
1971) this process can only he assumed if proteins are deaminated by heating, 
without their breakdown to peptides and/or amino acids preceding this deamin-
ation. Our results suggest t ha t there are no peptides — and/or amino acids 
released from myofibrillar protein of meat during regular heating (frying 
excluded) generally used in practice. Heating times and temperatures generally 
used even in canning are namely too low and/or too short to cause such changes. 
Fur ther tests are necessary in order to determine how the other protein 
fractions change during heating and how the meat additives (salt, polyphos-
phate, etc.) influence this phenomenon. 
* 
T h e a u t h o r s wish to t h a n k D r . G Y . J É C S A I ( R E S E A R C H I N S T I T U T E FOR A N I M A L 
BREEDING) for he r h e l p in amino ac id ana lys i s . 
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EFFECT OF GAMMA-IRRADIATION ON RED GRAM 
(CAJANUS CAJAN) LIPIDS 
S. P . N E N E , U . K . V A K I L , C. BANDYOPADHYAY a n d 
A . SREENIVASAN 
(Received December 23, 1974) 
N o c h a n g e s in t o t a l or n e u t r a l lipid c o m p o s i t i o n are obse rved in red g r a m 
i r r ad i a t ed a t 1 M r a d dose levels. Similar ly , s a t u r a t e d a n d u n s a t u r a t e d f a t t y acids 
a r e n o t a f f ec t ed b y r a d i a t i o n t r e a t m e n t on s to r age . T h i s p r even t s t h e deve lopment 
of r a n c i d i t y a n d o f f - f l a v o u r s in i r r ad i a t ed s a m p l e s e v e n on s to rage f o r 8 m o n t h s . 
T h e p r even t i on of o x i d a t i o n u n d e r such cond i t ions c a n also be a t t r i b u t e d to t he 
synerg is t ic e f f ec t of phospho l ip ids in presence of t ocophe ro l s a s wel l as to low-
m o i s t u r e c o n t e n t . H o w e v e r , p o l a r l ipids seem t o u n d e r g o decompos i t i on on ir-
r a d i a t i o n . 
Legumes, except for oil-bearing seeds like soybean and peanut, are 
generally low in lipid content. Relatively little is known about the effect of 
radiation on changes in the lipid composition of these seeds. 
The main effects of radiation on glycerides are formation of peroxides 
( W I L L S & ROTBLAT, 1 9 6 4 ; T I P P L E S & NORRIS, 1 9 6 5 ) and volatile oarbonyl 
compounds (CHIPAULT, 1 9 6 2 ; NAWAR, 1972) whicli are responsible for rancidity 
and off-flavours. Similar effects could be initiated on cooking foods rich in 
lipids due to autoxidation ( G R E E N E & WALTZ, 1 9 6 6 ) . Such changes can severly 
affect acceptability and organoleptic rating of i r radia ted foods. I t is known 
tha t flavour components in lipids may arise by physical transfer, heating, 
enzyme action or by secondary reactions (FORSS, 1 9 6 7 ) . I t has been shown 
tha t unsaturated f a t t y acids can polymerize as well as transisomerise on 
irradiation at high doses ( P A N et al., 1957) . 
We have observed tha t gamma-irradiation of the dry legume at 1 Mrad 
reduces the cooking t ime and improves rheological as well as textura l prop-
erties of red gram (Cajanus cajan). These have been attributed to physico-
chemical changes in the main food constituents, namely, starch and proteins 
( N E N E et al., 1974a, b). The present investigation relates to the effect of gamma 
radiation (1 Mrad) on lipid composition of red gram. The total lipids and 
fa t ty acid profiles of unirradiated and irradiated red gram, immediately and 
af ter storage for eight months at 0 °C, were studied. 
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1. Materials and methods 
1.1. Materials 
Red gram was procured from local market. Standard f a t t y acid methyl 
esters and authentic lipid samples viz., monoolein, distearin, tripalmitin, 
cholesterol, lecithin, cephalin, digalactosyl diglyceride, phospha t ide acid, 
etc., were either f rom SIGMA CHEMICAL СО. USA, or from the U N I V E R S I T Y DE-
P A R T M E N T OF CHEMICAL TECHNOLOGY, Bombay. The solvents were of Analar 
(BDH) quality and re-distilled before use. Silica gel was from E . MERCK, USA 
and Chromosorb P f rom APPLIED S C I E N C E LAB., USA. 
1.2. Irradiation 
Dry red gram samples (100 g lots) were packed in polyethylene bags 
and exposed at 25 °C to a 60Co-source (Gamma cell 220, ATOMIC E N E R G Y OF 
CANADA Ltd) having a flux of 15 k r a d min - 1 , at 1 Mrad dose level; overdose 
rat io was about 30 per cent. Absorption of radiation was checked with ferrous 
sulphate and eerie sulphate dosimetry (WEISS, 1952). 
1.3. Analytical procedures 
1.3.1. Lipids. Total lipids of red gram were extracted repeatedly with 
chloroform and methanol ( 2 : 1 , v/v) and last traces of carbohydrates and 
proteins removed from the combined extracts ( F O L C H et al., 1 9 5 7 ) . The purified 
ext rac t was dried in vacuum, weighed to constant weight and stored under 
nitrogen at 0 °C. Polar lipids were isolated from tota l lipids by repeated pre-
cipitation with acetone. Phospholipids were est imated from to ta l lipids by 
gravimetric (VACCARINO & V A C C A R I N O , 1 9 6 1 ) and colorimetric ( F I S K E & S U B -
B A R O W , 1 9 2 5 ) methods. Glyceride content and non-saponifiables of lipid 
ext rac t were determined according to the procedure of V A N H A N D E L ( 1 9 6 1 ) 
and the method described in А . О . C . S . ( 1 9 5 8 ) , respectively. 
1.3.2. Thin-layer chromatography (TLC). Glass plates (20 X 20 cm) 
were spread with silica gel slurry (prepared in distilled water, 1 : 2, w/v), dried 
and activated at 120 °C for 90 min. Total lipid extracts were t aken in ether 
and a 200-yg sample spotted on the plate for separation of polar and non-polar 
lipids; authentic samples were r u n simultaneously on the same plate. The 
mixtures of petroleum ether (B. P . 60 °C) : diethyl e ther : acetic acid (85 : 15 : 
: 1, v/v) and chloroform : acetic acid : water (50 : 35 : 3, v/v), were used as 
solvent systems to separate polar and non-polar lipids, respectively. The 
chromatograms were visualized b y spraying the plates with sa tura ted K2Cr207 
in 7 0 % H 2 S 0 4 , followed by charring at 1 5 0 °C for 3 0 min. Cephalin and lecithin 
were detected by spraying the developed plates with ninliydrin and Dragen-
dorf's reagent, respectively ( W A L D I , 1 9 6 5 ) . 
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1.3.3. Gas-liquid chromatography (GLC). Total lipids were saponified 
with alcoholic 2 N К О Н for2 h and excess alcohol evaporated. Residue was 
dissolved in water and the non-saponifiables were removed (А. О. C. S., 1958). 
The aqueous layer was acidified and the liberated fa t ty acids were extracted 
with diethyl ether. Solvent phase was washed with water till free f rom mineral 
acid, dried over anhydrous Na.2S04 and the f a t t y acids were concentrated 
under a stream of nitrogen. These were then methylated by refluxing for 
2 h with anhydrous methanol and 2—3 drops of conc. H2S04. 
Methyl esters of fa t ty acids thus formed were analysed in a gas Chro-
matograph (BHABHA ATOMIC RESEARCH CENTRE Model), equipped with a flame 
ionization detector and a stainless steel column (6' x 0.25") packed with 
20% ethylene glycol succinate on acid-washed 60/80 mesh Chromosorb P . 
The carrier gas was nitrogen with a flow rate of 25 ml m i n - 1 . The column 
and injection port were maintained at 185 °C, respectively. F a t t y acid peaks 
were recorded on a Shimadzu recorder. Individual fa t ty acids were identified 
by comparing with the retention t imes of reference standards. Gas chromato-
graphic peak areas were determined by multiplying peak height by peak 
width a t half height. 
2. Results 
2.1. Lipid composition of irradiated red gram 
D a t a on the effect of gamma-radiation and storage on lipid composition 
of red gram are presented in Table 1. Values of to ta l lipids were comparable 
in control and irradiated samples even after 8 months storage. Similarly, no 
T a b l e 1 
Lipid composition of unirradiated and irradiated red gram 
Phospholipids Neutral lipids 
Sample 
Storage 
time, 
months 
Total 
lipids, 
% dry wt. 
Chemical Gravi-metric Chemical
1 Gravi-
metric2 
Non-
saponili-
ables, 
% wt. 
% wt. of total lipids 
Control 0 2.8 27.2 30.6 75 66.8 2.6 
I r radiated (1 Mrad) 0 2.8 26.6 31.9 73 65.2 2.9 
Control 8 2.9 26.4 30.1 75.2 67.5 2.4 
I r radia ted (1 Mrad) 8 2.8 26.2 29.8 73.6 67.6 2.6 
V a l u e s a r e a v e r a g e s of 3 e x p e r i m e n t s 
L i p i d s were e s t i m a t e d b y chemica l a n d g r a v i m e t r i c m e t h o d s as d e s c r i b e d in t h e 
t e x t 
1
 R e p r e s e n t s t o t a l glycer ides 
2
 Ca lcu la t ed b y d i f f e r ence : T o t a l l i p ids — ( tota l phospho l ip id s -f- nonsapon i f i ab l e s ) 
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appreciable differences in triglycerides, the major component (about 70%) 
of red gram or in phospholipids (26—27%) were observed. However, estimation 
of phospholipid by gravimetric method resulted in relatively higher values 
than those by chemical method. This may be due to the presence of residual 
neutral lijiids and possibly other trace contaminants in the acetone-precipitated 
phospholipid fractions. 
# « - 1 Г * 
till • 
.1 
1 2 3 
• • • • 
4 5 6 7 8 
Fig. I. Thin-layer c h r o m a t o g r a m of non-polar lipids: T h i s was obtained f r o m control 
and i r radia ted (1 Mrad) red gram lipids on silica gel p l a t e , us ing pet ro leum e the r : d ie thyl 
e ther : acetic acid (85 : 15 : 1) as developing solvent -sys tem. 1 — monoglyceride; 2 — di-
glyceride; 3 — cholesterol ; 4 — control ; 5 — i r rad ia ted ; 6 — control (stored); 7 — ir-
r ad i a t ed (stored); 8 — free f a t t y acids; 9 — triglycerides 
2.2. Distribution of fatty acids in lipid components of red gram 
Thin-layer chromatogram (TLC) of total lipids (Fig. 1) shows the pres-
ence of mono-, di- and tri-glvcerides, sterols and traces of free fa t ty acids 
amongst which the predominant one is triglyceride. The presence of phospho-
lipids was evident f rom the spot at the baseline, bu t other minor spots were 
not identified. Fig. 2 shows the TLC separation of polar lipids tentatively 
identified as lecithin, cephalin, digalactosvl diglyceride, phosphatidic acid 
and some unidentified minor spots. The polar lipids seem to be decomposed 
on irradiation since the spots are less intense and cover lesser area. These 
changes were not discernible when chemical or gravimetric method was 
employed. A typical gas chromatogram of f a t ty acids of red gram is shown 
in Fig. 3. Results on the distribution of fa t ty acids in total, neutral and phospho-
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Fig. 2. Thin-layer ch roma tog ram of isolated polar l ipids: Polar l ipids, isolated f r o m 
control and i r rad ia ted (1 Mrad) red g r a m samples, were separa ted on silica gel p l a t e 
using chloroform : acetic acid : wa t e r (50 : 35 : 3) as developing so lven t system. 1 — 
cephal in; 2 — leci thin; 3 — control ; 4 — i r radia ted; 5 — control (s tored); 6 — i r radia ted 
(stored); 7 — phospha t id i c acid; 8 — digalactosyl diglyceride 
t(MIN) 
Fig. 3. Gas ch roma tog ram of f a t t y acids of red g ram. The c h r o m a t o g r a m was ob ta ined 
by the procedure described in "Mate r i a l s and Methods" . The peaks represen t : 1 — pal -
mi t ic acid; 2 — stear ic acid; 3 — oleic acid; 4 — linoleic acid; 5 — linolenic acid, on t h e 
basis of s t anda rd samples 
lipids are summarized in Table 2. Total sa tura ted f a t ty acids (16 : 0, 18 : 0) 
were relatively more in phospholipids fraction (35%) t h a n in the neutral 
lipids (25.6%). Linoleic acid contributed about 50% of the to ta l unsa tura ted 
fa t ty acids in the phospholipid and glyceride fractions. Oleic and linolenic 
acids were found to he relatively more in the neutral lipids (14.4 and 7.7%, 
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T a b l e 2 
Distribution of fatty acids (% wt.) in lipid components of red gram 
Fatty acids 
Total lipids Phospholipids Neutral lipids Total lipids (stored samples) 
Control Irr. Control Irr. Control Irr. Control Irr. 
Palmitic 22.7 24.7 30.5 32.7 20.4 22.8 22.8 24.9 
Stearic 5.8 5.8 4.5 4.4 5.2 5.0 4.0 4.0 
Oleic 14.1 13.8 8.9 8.5 14.4 15.5 12.4 10.4 
Linoleic 51.3 49.0 52.6 51.7 52.2 50.0 55.7 54.9 
Linolenic 6.0 6.6 3.1 2.6 7.7 6.7 5.4 5.7 
R e s u l t s a r e ave rages of t h r ee e x p e r i m e n t s . D i s t r i b u t i o n of f a t t y acids s e p a r a t e d 
b y T L C (Fig. 3), in va r ious l ip id f r ac t ions w a s carr ied ou t in con t ro l , i r r a d i a t e d (1 Mrad) 
a n d s t o r e d (for 8 m o n t h s ) s a m p l e s . 
respectively) than in the phospholipid (8.9 and 3.1%, iespectively) fractions. 
No appreciable changes were observed in the f a t ty acid composition of the 
lipid fract ions of red g ram irradiated a t 1 Mrad. 
3. Conclusions 
Earlier , we had investigated the potentiali ty of radiation processing 
for improving the cooking quality of d ry legumes. I t was observed t h a t longer 
cooking t ime, which generally limits the use of these otherwise cheap and 
protein-rich foods, was reduced significantly in irradiated samples, particularly 
in red gram ( N E N E et al., 1974C). I t is known tha t the lipid component of 
food influences its nutr i t ional value, stabil i ty on storage and other processing 
characteristics. Red gram belongs to the category of legumes low in oil content 
( W O L F F & K W O L E K , 1 9 7 1 ) since its lipid content varies between 2 — 3 % 
(Table 1). However, it is rich in phospholipids (26% of to ta l lipids), which 
are known to influence the textúrá i qualities of foods (NARAYANAN & H L Y N K A , 
1 9 6 2 ; KATSUHARU et al., 1 9 6 4 ; POMERANZ et al., 1 9 7 0 ) . I t was observed t ha t 
radiation t rea tment improves the tex ture of red gram ( N E N E et al., 1974C). 
The principal effect of radiation on lipids involves direct cleavage of 
С—С bonds, especially in the unsa tura ted fa t ty acids (CASARETT, 1968). 
In the presence of oxygen, organic peroxides and hydroperoxides are formed 
similar to autoxidation process leading to aldehyde and ketone formation. 
These reactions are of special importance since about 70% of f a t t y acids 
in red gram are unsa tura ted (Table 2). However, unsa tura ted or saturated 
f a t t y acid composition of red gram, irradiated at 1 Mrad, was not changed 
appreciably, even af ter storage for eight months. This may be a t t r ibuted 
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to the presence of na tu ra l antioxidants like tocopherols (DATE, 1 9 5 5 ) ; red 
gram contains about 4 6 mg tocopherol per 100 g lipids (NAZIR & MAGAR, 1963) 
and this m a y be responsible for the s tabi l i ty of red g r a m flour up to 4 months, 
the samples being free f rom rancidi ty even at 37 °C. Moreover, r ed gram 
contains appreciable amounts of lecithin (Fig. 2) which may also contr ibute 
to the stabil i ty of lipids (neutral) in irradiated samples. Phospholipids, in 
general and lecithin in part icular are known to synergize the action of anti-
oxidants probably by donating hydrogen or an electron (STUCKEY, 1 9 6 2 ) . 
In complex foods of low moisture content, wa te r itself can give quite 
a powerful protection against lipid oxidat ion (LEA, 1 9 6 2 ) . I t has been shown 
tha t , for dehydrated foods, storage a t moisture levels above monolayer cover-
age, gives maximum resistance to oxidation (SALWIN, 1959) . The moisture 
content of red gram was found to be about 12%. The probable mechanism 
of the protective effect of water against lipid oxidation has been investigated 
(MALONEY et al., 1 9 6 6 ; LABUZA et al., 1 9 6 6 ; K A R E L et al., 1967) . Lower water 
content in red gram m a y thus also contr ibute to protect ion of lipids against 
radiation induced oxidation. 
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POLYPHENOLIC COMPOUNDS IN TISSUES OF 
BRINJALS (SOLANUM MELONGENA) 
S . RAMASWAMY a n d D . V . R E G E 
(Received J a n u a r y 7, 1975) 
T h e po lypheno l i c c o m p o u n d s of b r i n j a l t i s sue (Solanum melongena) were 
s t u d i e d b y p a p e r c h r o m a t o g r a p h y , s p e c t r o p h o t o m e t r y and c o l o u r reac t ions . 
Besides caf fe ic acid de r iva t ives , p - c o u m a r i c a n d c i n n a m i c ac id d e r i v a t i v e s of 
v a r y i n g degrees of g lyeosy la t ion w e r e found t o b e c o m m o n a m o n g t h e e leven 
c o m p o u n d s i so la ted of which f o u r w e r e glycosides. T h e suga r m o i e t i e s of t h e 
g lycosides were a r a b i n o s e or g lucose . 
During preparation, processing and storage frui ts and vegetables are 
susceptible to spoilage by discolouration. Apart from the well-known sugar-
amine reactions, phenolic compounds tha t are widely distributed in the plant 
kingdom, are known to contribute extensively to the discolourations, both 
through enzymic and non-enzymic reactions. Brinjal f rui t (Solarium melongena) 
is one vegetable tha t is highly susceptible to both these types of discoloura-
tions. The occurrence of chlorogenic, neochlorogenic and caffeic acids which 
give brown colour with purified polyphenoloxidase in egg-plant has been 
reported (SAKAMURA & OBATA, 1 9 6 3 ) . An active principle from the alkaline 
hydrolysate of purified extracts of Solanum melongena was identified as caffeic 
acid ( B E N I G N I et al., 1 9 5 8 ) . 
In the present study, an at tempt was made to characterize the phenolic 
compounds present in brinjal fruit . 
1. Materials and methods 
A purple variety of brinjal (Solanum melongena) of average size, 6 cm 
long and 5 cm in diameter, was employed in this s tudy. The authentic phenolic 
compounds were obtained from SIGMA CHEMICALS COMPANY, USA, and sugars 
from NUTRITIONAL BIOCHEMICAL CORPORATION, Cleveland, Ohio. 
1.1. Extraction of polyphenols 
The method employed was essentially a modification of t h a t used by 
R I V A S and L U H ( 1 9 6 8 ) for the extraction of polyphenolic compounds in canned 
tomato pastes. The chilled brinjals (1 kg), after peeling so as to avoid inter-
ference by the skin pigments, were cut into pieces and blended for 5 min with 
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1 litre of chilled distilled methanol. The homogenate was filtered through a 
muslin cloth and then through Wha tman No. 1 filter paper on a Büchner 
funnel. The residue was extracted twice more with the same amount of solvent 
and filtered as before. The filtrates were combined and concentrated in a flash 
evaporator. The residue was suspended in distilled water (25 ml) and extracted 
several times with 10 ml portions of petroleum ether to remove the carotenoids. 
The water extract was saturated with sodium chloride and then extracted 
five times with 250 ml portions of e thyl acetate. The ethyl acetate extracts 
were combined, dried with anhydrous sodium sulphate, filtered and evapo-
rated to a small volume in a flash evaporator. The residue was dissolved in 
15 ml of methyl alcohol and preserved in a well-stoppered amber coloured 
bottle in a refrigerator. 
1.2. Two-dimensional paper chromatography 
The chromatographic procedure employed was a modification of the 
method used by W I L L I A M S and W E N D E R (1952). A 100-pl aliquot of the extract 
was used for two-dimensional ascending chromatography on Whatman No. 1 
paper (35 cm X 35 cm) at 25 °C with 2% acetic acid as first solvent for 3 hrs 
and n-butanol - acetic acid - water [BAW, 4 : 1 : 5 (v/v)] as second solvent 
for 15 hrs. The air-dried chromatograms were examined under ul tra violet 
light and on exposure t o ammonia vapour (SWAIN, 1953). One chromatogram 
was sprayed with freshly prepared FeCl3—K3Fe(CN)6 reagent ( K E P P L E R , 
1957), rinsed with 2 % HCl and finally with distilled water. The blue spots, 
of polyphenolic compounds were detected and Rf values measured. 
Four additional chromatograms were sprayed separately with diazotized 
p-nitroaniline ( D P N A ) (SWAIN, 1 9 5 3 ) , Hoepfner reagent ( W A L K E R , 1 9 6 2 ) , 
vanillin reagent ( S W A I N & H I L L I S , 1 9 5 9 ) and sodium borohvdride ( H O R O -
WITZ, 1 9 5 7 ) . The colour characteristics of the spots were noted. 
1.3. Acid hydrolysis of phenolic compounds 
The individual spots from unsprayed chromatograms were eluted wi th 
5 ml absolute methanol and hydrolysed in 5 ml of 10% aqueous HCl in a 
sealed tube kept in a boiling water-bath for 45 min (HARBORNE, 1965). The 
aglyconcs were ext rac ted with e thyl acetate, concentrated under vacuum 
and chromatographed in two dimensions using 2% acetic acid and BAW 
( 4 : 1 : 5 ) as developing solvents. Aglycones were detected from the blue 
colour with FeCl3—K3Fe(CN)c reagent (KEPPLER, 1957). 
The aqueous fract ion was co-chromatographed ascendingly with authentic 
sugars using BAW ( 4 : 1 : 5). This chromatogram was sprayed with aniline 
hydrogen-phthalate reagent (WILSON, 1959), air-dried and heated in an oven 
to 105 °C for 2 min for detection of sugar spots. 
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1.4. Absorption spectra 
UV and visible absorption spectra of the chromatographically purified 
compounds were recorded in a Beckman DK-2 Recording Spectrophotometer. 
A 5% ethanolic A1C13 solution was used to study the shift in absorption peak 
due to chelation of phenolic compounds containing ortho-dihydroxy con-
figurations. 
1.0 
S 0.8 
о < 
о® 
I N 0 . 6 
0.4 
to 
0.2 
0   
0 0.2 0.4 0.6 0.8 1.0 
2 n d BAW(4:1:5) 
F i g . 1. Two-d imens iona l p a p e r c h r o m a t o g r a m of po lyphenol ic c o m p o u n d s in b r i n j a l 
(Glycosides a r e m a r k e d w i t h b roken lines) 
1.5. Estimation of relative amounts of polyphenolics 
The phenolic compounds at different spots from the chromatograms 
were eluted with ethyl acetate and concentrated. After re-dissolving in water 
the relative amounts of phenolics were determined by the Folin-Denis colori-
metric method described by S W A I N and H I L L I S (1959) using tannic acid as 
s tandard. 
2. Results 
2.1. Chromatographic behaviour 
A chromatogram of the methanol extract , sprayed with FeCl3 K3Fe(CN)6 
reagent is shown diagrammatically in Fig. 1. As this extract contained the 
complete spectrum of phenolics including their glycosides, it served as a 
reference for comparing with a chromatogram which was obtained after 
hydrolysis of the extract. 
. 
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The number of spots detectable with UV and FeCl3- K3Fe(CN)e reagent 
on the chromatogram as indicated in Fig. 1 were eleven. The spots which 
disappeared af ter acid hydrolysis were Nos. 2, 7, 8 and 11 and are marked 
with broken lines in Fig. 1. These were considered to be the phenolic glycosides. 
Table 1 shows the Rj values and colour reactions of the phenolic com-
pounds in methanol extract of br inja l and authent ic polyphenolics in the 
two solvent systems — 2% acetic acid and B A W ( 4 : 1 : 5). 
The common substrates for enzymatic oxidation by polyphenoloxidase 
are chlorogenic and caffeic acids (RIVAS & LÜH, 1968). When 2% acetic acid 
and B A W ( 4 : 1 : 5 ) were used as solvent (Fig. 1), it was observed tha t none 
of t he spots of polyplienolic compounds isolated from br in ja l tissues corre-
sponded to those of caffeic, ferulic and chlorogenic acids as given in Table 1 
( H A N S O N & Z U C K E R , 1963; V A N BRAGT et at., 1965; ZANE et at., 1965). Spots 
3, 4, 5, 7, 8 and 11 seem to belong to the category of phenolic acids as t hey 
answer DPNA tes t on the chromatogram. Their R j values however, did not 
Table 1 
Rf values and colour reactions of phenolic compounds present in brinjal 
Rf values 
UV 
+ 
NHS 
Visible 
+ 
NH, 
FeCl,— 
K,Fe 
(ON). 
Diazo-
Hoepf-
ner 
reagent 
Sodium 
boro-
hydride 
Spote BAW 
(4:1:5) 
2% 
AcOH 
UV Visible tized p-nitro 
aniline 
Vanillin 
-HCl 
1 0.81 0.30 P P F Y B1 — — — — 
2 0.68 0.48 D P P — F Y B1 — — — — 
3 0.50 0.48 B1 Y G — Y B1 R Br Y — — 
4 0.77 0.55 P Y G — Y B1 Y Br Y — — 
5 0.77 0.65 P Y G — Y B1 Y Y — — 
6 0.63 0.66 V D P Y B1 — — — — 
7 0.69 0.78 F P F Y - F Y B1 Y Br Y — — 
8 0.57 0.80 F P F Y — F Y B1 Y Y — — 
9 0.86 0.81 B r Y Y — Y B1 — — — — 
10 0.16 0.90 Br B r Y Br Y Br B1 — — — — 
11 0.28 0.95 B r Y B r Y 
— 
Y Br B1 L Y L Y 
— — 
Authent ics 
Ferulic acid 0.81 0.45 B1 B1 С С B1 R Y Br С — 
Caffeic acid 0.71 0.23 B1 B1 с С B1 Br R с — 
Chlorogenic 
a c i d 0.61 0.70 B1 Y G с Y B1 T Y с — 
B1 = Blue , B r = B r o w n , С = Colourless , D = D e e p , F = F a i n t , G = G r e e n , 
L = L igh t , P = P u r p l e , R = R e d , T = T a n , V = Viole t , Y = Yel low, - i n d i c a t e s 
n e g a t i v e t e s t 
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agree with those of the known phenolic acids: caffeic, ferulic and chlorogenic. 
The possibility that these compounds may be certain derivatives of these 
acids may not be precluded. Several such derivatives like neochlorogenic, 
isochlorogenic and dactylifric acids have been repor ted ( C O R S E , 1 9 6 4 ) . The 
negative test shown for bo th vanillin reagent and sodium borohydride reagent 
revealed tha t flavonols or their derivatives were absent among the eleven 
compounds isolated. Spot 10 appeared blackish brown, when the chromato-
gram was dried. This may probably be a product of non-enzymic browning 
reaction. The intensity of this spot increased with the concomitant decrease 
in other phenolics on the chromatogram, when the f resh vegetable extract 
was allowed to undergo oxidation before the phenolic compounds were extract-
ed and chromatographed. 
Table 2 and 3 represent the Rf and Rq values of the aglycones and sugar 
moieties of the glycosides, respectively. Rf values of aglycones as shown in 
Table 2 were comparable t o spots 1, 3, 4, 5, 6, 9 and 10 of the chromatogram 
developed with unhydrolysed extract (Fig. 1). The missing spots were expected 
to he of glycosides of polyphenols, the sugar moieties of which were glucose 
and arabinose (Table 3). When glycosides extracted f rom spots 2, 7, 8 and 
11 were individually hydrolysed and subjected to chromatography with the 
two solvent systems [2% acetic acid and BAW ( 4 : 1 : 5)], their aglycones 
correspond with spots 1, 5, 3 and 4, respectively. Whereas spots 2 and 11 
contained arabinose, glucose was detected in spots 7 and 8. Considering the 
nature of separation of spots 3 and 8 on the paper chromatogram (Fig. 1), 
the glycoside nature of spot 8 was revealed from its higher Rf value in 2% 
acetic acid system. Glycosides always run slower in t-butanol-acetic acid-
water ( 3 : 1 : 1 ) and faster in 15% acetic acid systems t h a n do their correspond-
ing aglycones as observed with crude p lan t extract of Baptisia lecontei ( M A R K -
H A M & M A B R Y , 1 9 6 8 ) . Such a relationship was also noted in the aglycone-
glycoside pairs denoted by spots Nos. 1 and 2, 4 and 11 and 5 and 7. The 
higher mobility of spot 8 in the present work in BAW ( 4 : 1 : 5 ) sys tem than 
spot 3, in spite of the former probably being a glycoside of the la t ter , may 
only be explained on the assumption of its higher methoxy content. I t is 
reported t h a t methyl e thers of polyphenols show a faster movement in t-
butanol-acetic acid-water ( 3 : 1 : 1 ) system than in 15% acetic acid system 
( M A B R Y et al., 1970). 
2.2. Spectral characteristics 
I t is observed from Table 4 t h a t compounds 1, 2, 4, 5, 6, 9, 10 and 11 
have almost similar UV absorption spectra with and without A1C13. Perhaps 
all these compounds are closely related having the same ring structure with 
different substitutions. Only compounds 3 and 8 showed distinct characteristics. 
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Table 2 
Rf values of aglycones of phenolic glycosides 
Aglycones 
Rf value 
BAW (4:1:5) 2% acetic acid 
Spots 1 0.81 0.30 
3 0.50 0.48 
4 0.77 0.55 
5 0.77 0.65 
6 0.63 0.66 
9 0.86 0.81 
10 0.16 0.90 
Table 3 
Rq values of sugar moiety present in glycosides 
Samples RQ value in BAW (4:1:5) system 
Acid hydrolysed por t ions of spots 
2 118,117 
7 100 
8 100 
11 118,117 
S tandards 
Glucose 100 
Galactose 89 
Arabinose 117 
Rhamnose 206 
Of these compounds 3 exhibi ted pattern similar to caffeic acid derivative as 
reported by R I V A S and L U H ( 1 9 6 8 ) . Like methylat ion and acetylation, glycosyl-
at ion has a hypsochromic e f fec t on spectra of various polyhydroxy systems, 
part icularly polyphenols (HARBORNE, 1964a). Similar effect was observed 
in case of the spots 2, 7, 8 a n d 11, when their Amax were compared with those 
of the corresponding aglycones, spots 1, 5, 3 and 4, respectively. I t was also 
observed t h a t t h e Amax of aglycones of compounds 2, 7, 8 a n d 11 corresponded 
to those of 1, 5, 3 and 4. The possibility t ha t these compounds may he hydroxy 
aldehydes, ketones or acid der iva t ives is ruled ou t as they h a v e only a principal 
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Tab le 4 
Spectral characteristics of phenolics isolated from brinjal 
Compounds Jmax (nm) i-min (nm) ^max 
with A1C13 (nm) 
Spot 1 253 277 243 256 279 
2 252 275 244 — 256 275 
3 323 294 264 
— 
327 299 
4 255 278 244 
— 
256 282 
5 250 285 241 — 252 286 
6 253 282 243 — 258 289 
7 239 281 241 
— 
246 288 
8 307 278 263 — 313 286 
9 255 283 250 273 259 288 
10 252 284 244 275 258 286 
11 249 271 244 
— 
257 279 
S t anda rds 
Ferulic acid 
Caffeie acid 
Chlorogenic acid 
320 
328 
325 
298 
295 
262 
265 
— 
328 300 
absorption maximum within a range of 249— 295 nm while the latter ones 
have both principal and subsidiary maxima at 255—290 nm and at 300— 
350 nm, respectively (MORTON & STUBBS, 1940; L E M O N , 1947; CRAM & CRANZ, 
1950). On the basis of absorption spectra and in particular the Amax, all the 
compounds appeared to correspond to the class of cinnamic acid and/or 
coumarin. Their shifts in A m a x in A1C13, however, do not tally with the value 
of 20 nm as reported by H A R B O R N E (1964b) showing tha t all the compounds 
perhaps have a high degree of methylation. The tenta t ive identification of the 
individual compounds on the basis of the above observations is given in 
Table 5. 
2.3. Relative amounts of polyphenolics 
When the quant i ty of each phenol was est imated by the Folin-Denis 
colorimetric method (SWAIN & H I L L I S , 1959) using tannic acid as standard, 
the four major spots 2, 4, 6 and 11 were found to be present in amounts equi-
valent to 9.8, 10.2, 9.7 and 12 pmoles of tannic acid, respectively (Table 6). 
The total phenolics present in the ethyl acetate extract of 1 kg brinjal tissue 
were 85.7 pinoles. In spite of this small concentration, the phenolics introduce 
a lot of difficulties in the processing of the vegetable. 
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Tab le 5 
Tentative identification of phenolic compounds in brinjal 
00 
oo 
Spot 
Rf values Од hydrolysis Type of functional group Spectral characteristics 
Tentative identification 
BAW 
(4:1:5) 2% AcOH Sugar Aglycone 
FeCl , -
K3Fe(CN), 
reagent 
DPNA and Hoepfner 
reagent i'lims (nm) 
W (nm) in 
A i d , 
1 0.81 0.30 Nil Agly. (2) Cat./pyr. Nil 253, 277 256, 279 Coumaric or cinnamic acid 
derivative 
2 0.68 0.48 Arab. Gly. (1) Cat./pyr. Nil 252, 275 256, 275 Arabinoside of No. 1 
3 0.50 0.48 Nil Agly. (8) Cat./pyr. Phenolic acid 323, 294 327, 299 Caffeic acid derivative 
4 0.77 0.55 Nil Agly. (11) Cat./pyr. Phenolic acid 255, 278 256, 282 Coumaric or cinnamic acid 
derivative 
5 0.77 0.65 Nil Agly. (7) Cat./pyr. Phenolic acid 250, 285 252, 286 Coumaric or cinnamic acid 
derivative 
6 0.63 0.66 Nil Unknown Cat./pyr. Nil 253, 282 258, 289 Coumaric or cinnamic acid 
derivative (?) 
7 0.69 0.78 Glu. Gly. (5) Cat./pyr. Phenolic acid 239, 281 246, 288 Glucoside of No. 5 
8 0.57 0.80 Glu. Gly. (3) Cat./pyr. Phenolic acid 307, 278 313, 286 Glucoside of No. 3 with 
methoxyl grouping 
9 0.86 0.81 Nil Unknown Cat./pyr. Nil 255, 283 259, 288 Coumaric or cinnamic acid 
derivative ('!) 
10 0.16 0.90 Nil Non-en- Cat./pyr. Nil 252, 284 250, 286 Coumaric or cinnamic acid 
zymic oxi- derivative (?) 
dation 
brown 
products 
11 0.28 0.95 Arab. Gly. (4) Cat./pyr. Phenolic acid 249, 271 257, 279 Arabinoside of No. 4 
to > 
s, > 
CZJ Í, > 
g 
wj 
й> 
to 
w 
о 
to 
в 
H 
n 
о 
04 
в 
to 
Agly . = Aglycone, Gly. - Glycoside, A r a b . = Arab inose , Glu. = Glucose, Ca t . = Catechol , p y r . = Pyrogal lo l 
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Tab le 6 
Relative amounts of polyphenolic compounds present in ethyl acetate extract 
Compounds 
Total phenolic content 
(Tannic acid equivalent, 
//moles 
Relative amounts, % 
Spot 1 5.525 6.42 
2 9.775 11.14 
3 6.375 7.50 
4 10.200 11.90 
5 3.910 4.59 
6 9.690 11.30 
7 6.555 7.70 
8 6.880 7.95 
9 8.500 9.90 
10 6.460 7.60 
11 11.950 14.00 
3. Conclusions 
The polyphenolic compounds present in tissues of brinjals (Solanum 
melongena) were extracted with methanol and ethyl acetate. The compounds 
were separated by two dimensional paper chromatography with 3% acetic 
acid and n-butanol-acetic acid-water ( 4 : 1 : 5 ) systems. The identification 
of individual compounds was tried on the basis of their IIj values and colour 
reactions with FeCl3—K3Fe(CN)e, diazotized p-nitroaniline, Hoepfner, sodium 
borohydride and vanillin-HCl reagents, fluorescent behaviour and absorption 
spectra. Of the eleven phenolic compounds detected on the chromatogram, 
only four were found to be glycosides. The sugar moieties of these were found 
to be arabinose or glucose. These phenolics seem to belong to the class of 
cinnamic, coumaric or caffeic acid derivatives. The relative amount of these 
phenolics was determined on the basis of the colour reaction. 
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PRODUCTION OF CHEESE WITH A MILK CLOTTING 
ENZYME PREPARATION OF MICROBIAL ORIGIN 
P A R T I I . - T O T A L A N D S O L U B L E P R O T E I N C O N T E N T O F C H E E S E S 
E . Kiss , V . N Á D U D V A R I - M Á R K U S a n d L . V Á M O S - V I G Y Á Z Ó 
(Received F e b r u a r y 26, 1975) 
I n v e s t i g a t i o n s h a v e been car r ied o u t w i t h ba t ches of E m m e n t a l , T r a p p i s t , 
" P á l p u s z t a i " a n d W h i t e cheese m a n u f a c t u r e d in para l le l w i t h calf s t o m a c h 
r e n n e t a n d a m i c r o b i a l mi lk c l o t t i n g e n z y m e p r e p a r a t i o n deve loped in th i s l abor -
a t o r y b y s u b m e r g e d f e r m e n t a t i o n of a n Endothia parasitica s t r a i n . T h e a i m 
of t h e s t u d y w a s t o es tab l i sh t h e d i f fe rences in chemica l anil sensory cha rac t e r i s t i c s 
a s m i g h t be i n d u c e d b y the use of t h e l a t t e r c o a g u l a n t . T h e p r e s e n t p a p e r dea l s 
w i t h t he c o m p a r i s o n of t o t a l p r o t e i n c o n t e n t a s well as of t h e re la t ive a m o u n t s 
a n d t h e compos i t i on of w a t e r a n d alcohol so lub le p ro te in d e g r a d a t i o n p r o d u c t s . 
T h e t y p e of t h e c o a g u l a n t d id n o t s e e m t o a f f ec t t h e t o t a l p ro t e in c o n t e n t 
of h a r d a n d s e m i - h a r d cheese ( E m m e n t a l a n d T r a p p i s t , resp . ) as m a n u f a c t u r e d 
f r o m cow's m i l k . T h e microbia l e n z y m e p r e p a r a t i o n had a m a r k e d , b u t o p p o s i t e 
e f f e c t on t h e t o t a l p r o t e i n c o n t e n t of t h e s o f t cheeses i n v e s t i g a t e d : in t h e m a j o r i t y 
of cases i t caused a n increase in t h e t o t a l p r o t e i n c o n t e n t of " P á l p u s z t a i " m a n u -
f a c t u r e d f r o m c o w ' s mi lk a n d a decrease in t h e respec t ive cha rac t e r i s t i c of W h i t e 
cheese m a n u f a c t u r e d f r o m ewe ' s mi lk . 
T h e c h a n g e s in soluble p r o t e i n d e g r a d a t i o n p r o d u c t s as i nduced b y t h e 
use of t he m i c r o b i a l e n z y m e p r e p a r a t i o n were s l ight in E m m e n t a l . T h e r e s u l t s 
o b t a i n e d w i t h T r a p p i s t cheese were n o t u n a m b i g u o u s a n d a re , t he re fo re , d i f f i c u l t 
t o i n t e rp r e t . I t m i g h t be s t a t e d w i t h some c e r t a i n t y , t h a t t he r e l a t i ve c o n c e n t r a t i o n 
of h ighe r m o l e c u l a r weigh t (a lcohol insoluble) p r o t e i n b r e a k d o w n p r o d u c t s w a s 
dec reased b y t h e microb ia l r e n n e t . T h e m o s t s t r i k i n g d i f fe rences in t he so lub le 
p r o t e i n d e g r a d a t i o n p r o d u c t s a s i nduced b y t h e r e n n e t used were obse rved in 
s o f t cheese. I n b o t h " P á l p u s z t a i " a n d W h i t e cheese t he c o n t e n t of a lcohol so lub le 
p r o t e i n d e g r a d a t i o n p r o d u c t s w a s cons ide rab ly increased b y t h e use of t h e mic ro -
bia l p r e p a r a t i o n . H e n c e , th is c o a g u l a n t seems t o p r o m o t e t h e f o r m a t i o n of low 
m o l e c u l a r w e i g h t n i t r ogenous c o m p o u n d s ( f ree a m i n o acids a n d sma l l p e p t i d e s ) . 
T h e compos i t ion of solubilized p r o t e i n in s o f t cheese as es tab l i shed b y gel e lec t ro-
phores i s was f o u n d t o depend o n t h e t y p e of r e n n e t used in t h e case of " P á l p u s z t a i " 
b u t n o t in t h a t of W h i t e cheese. 
N o r e l a t i o n s h i p could b e es tab l i shed b e t w e e n p ro t e in c o n t e n t a n d / o r 
compos i t ion of cheese a n d v a r i a t i o n s in t h e a m o u n t of microb ia l r e n n e t a s app l i ed 
in t h e m a n u f a c t u r i n g process. 
In a previous paper (VÁMOS-VIGYÁZÓ et al., 1 9 7 5 B ) an account was giv-
en on the amount and composition of the free f a t t y acids and those 
present as salts in various cheese types manufactured in Hungary as well 
as on the changes of these characteristics as induced by the use of a micro-
bial rennet t ing agent instead of calf stomach rennet . The present s tudy is 
concerned with another important group of cheese constituents, i.e. the 
soluble protein degradat ion products (PDP) formed during ripening and 
with the differences in their respective amounts and compositions as ob-
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served when comparing cheese batches manufactured in parallel with calf 
rennet and the microbial milk clotting enzyme preparation developed in 
this laboratory by submerged fermentation of an Endothia parasitica strain. 
1. Materials and methods 
1.1. Enzyme preparations 
The calf stomach rennet used was a commercial product standardized 
with NaCl to an enzyme concentration of 50 000 Soxhlet Units (SU) per gram 
and manufactured by the S U P P L Y E N T E R P R I S E O F A N I M A L M A R K E T I N G A N D 
M E A T I N D U S T R Y , Budapest. 
The microbial rennet was a powdered experimental product of 75 000 
SU g - 1 enzyme concentration containing no additives (Kiss et al., 1973). 
Concentration, in Su g~1, is measured by the amount of milk, in ml, coa-
gulated by 1 g of enzyme preparation in 4 0 min at 3 5 °C ( B A L A T O N I , 1 9 6 0 ) . 
1.2. Cheese types 
The cheese types investigated were the same as dealt with in P a r t I 
of this series, with the exception of "Tea"-cheese which has not been included 
in the present study. The batches of Emmental , Trappist, "Pálpuszta i" and 
White cheese t reated here are only part ly identical with those investigated 
for fat ty acid composition. The signs of the hatches, the year of production 
and the type and amount of the rennet used are given in Tables 1—4 along 
with some of the results. 
Batches of a given type of cheese prepared in parallel with calf rennet 
(CR) and microbial rennet (MR) bear identical first or first and second 
numerals and have been manufactured — apart from rennet concentration — 
under strictly identical conditions. Ripening, too, occurred under identical 
conditions and investigations were carried out at the mature state as described 
in the preceding paper. 
CR was added in s tandard amounts, while the concentrations of MR 
were varied to establish the value yielding cheese of optimum sensory charac-
teristics. Thus in some cases different concentrations (clotting powers) of the 
two preparations were applied in parallel cheese making experiments. This 
problem will be dealt with in detail in the 4tli paper of this series. 
1.3. Determination of total protein and of soluble protein degradation products 
(PDP) 
Total protein as well as water and alcohol soluble P D P were determined 
by the Kjeldahl-method. 
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The extracts of soluble P D P were prepared as follows: 4 g of cheese 
grated after removing the rind were ground in a mortar with 40—50 °C dis-
tilled water, transferred to a volumetric flask of 100 ml, diluted with water 
near to the mark, shaken and allowed to stand overnight at 5 °C. Then the 
volume was made up to the mark and the suspension filtered. 2 ml of the 
fi l trate were used to determine nitrogen content. 
An aliquot of the fi l trate was diluted with 4 volumes of 96% alcohol and 
filtered. This f i l trate was then concentrated to the original volume by evapo-
ration on a water hath. 2 ml of this solution were used to establish the content 
of alcohol soluble PDP. 
Total protein was related to cheese weight, water and alcohol soluble 
P D P were expressed as protein (N • 6.25) and related to total protein. 
1.4. Gel electrophoretic separation of water soluble PDP 
The water soluble P D P of soft cheeses were studied by Polyacrylamide 
gel electrophoresis, too. 
Gel electrophoresis was carried out according to D A V I S (1964). Water 
soluble P D P were extracted from cheese as described in para. 1.2. No desalting 
was found necessary prior to electrophoresis according to earlier findings 
( V Á M O S et al., 1973). A dilution series was prepared from the filtered solution 
of P D P by adding various amounts of a 40% sucrose solution. 0.1 ml portions 
of these dilutions were applied on top of the gel tubes to establish, in a pre-
liminary run, the concentration yielding the greatest number of fractions on 
electrophoresis. Optimum dilution proved different for different cheese types 
and was found to vary between 0.03 and 0.22 mg protein per gel. Volumes 
and dilutions applied per gel tube were kept identical within one type of cheese, 
irrespective of the values of soluble P D P of the various hatches. 
Electrophoresis was performed in an "Analytical Acrylophor" ( P L E U G E R , 
Belgium) applying 4 mA per gel tube. In order to achieve better resolution 
the apparatus was operated in a -f 5 °C refrigerator. By the end of the runs 
(after 35 to 40 min) temperature in the apparatus rose to about 15 °C. 
The protein zones were stained with Amido Black 10 В and mobilities 
related to bromophenol blue were calculated. Under the given conditions 
bromophenol blue migrated 3.5 to 4.3 cm in the gel tubes of 6 cm length. 
At tempts were made to quanti tate electrophoretic data with a Chro-
moscan densitometer ( J O Y C E - L O E B L , UK) . Optical densities of the stained 
protein zones were read at 620 nm. Peak areas were automatically and con-
tinuously integrated by the instrument, the values corresponding to individual 
peak areas had to he read by the operator. This caused difficulties wi th over-
lapping areas which could only be evaluated as a single peak. Overlapping 
of peaks occurred even with electrophoretically well separated, distinct bands 
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if they were located close to each other. This is due to the fact tha t the r a t e 
of paper displacement cannot be varied in this instrument. 4 gels each f rom 
2 separate electrophoretic runs were evaluated in parallel for eacli of the cheese 
batches investigated by electrophoresis. 
Considering the different dye binding capacities of the individual protein 
fractions, interpretation of these results will be restricted to cheese batches 
of the same type. 
1.5. Mathematical treatment of the results 
The mean values and s tandard deviations of parallel determinations 
were calculated and results obtained with cheese batches manufactured in 
parallel with the two kinds of rennet were compared by Student's t test (SVÁB, 
1973). 
2. Results 
2.1. Total protein content and soluble PDP of different cheese types 
2.1.1. Emmental cheese. The values of to ta l protein and soluble P D P 
content of Emmenta l cheese batches manufactured in parallel with CR and 
MR are summarized in Table 1. 
Tab le 1 
Comparison of total and soluble protein content of Emmental batches manufactured in parallel 
with calf rennet (CR) and microbial rennet (MR) 
Sign 
of batch 
Year of 
produc-
tion 
Type 
of rennet 
used 
Concentration 
of rennet added 
to 100 1 milk, 
SU • 103 
Protein content of cheese 
total % (w/w) 
water soluble ! alcohol soluble 
related to total protein, % 
X s X S X s 
1 1972 CR 210 2 5 . 4 0 .0 4 4 . 9 0 .2 19.9 0 . 5 
1.1 1972 MR 210 24.9® 0 .3 38 .7*** 0 .8 16 .2*** 0 . 4 
2 1973 CR 130 2 6 . 9 0 .1 41 .7 0 . 5 24 .5 0 . 1 
2 .1 1973 MR 160 26.4® 0.1 42.2® 0 . 5 21 _4*** 0 .1 
2 .2 1973 MR 130 26.5® 0 .1 42.6® 0 .3 20 .9*** 0 .2 
x = m e a n of 3 pa ra l l e l d e t e r m i n a t i o n s 
s — s t a n d a r d d e v i a t i o n 
0 = d i f fe rence n o t s ign i f ican t 
*** = d i f f e r ence s ign i f ican t a t t h e p r o b a b i l i t y level of 99 .9% as c o m p a r e d t o t h e 
b a t c h e s m a n u f a c t u r e d w i t h CR 
Batches m a r k e d w i t h iden t ica l f i r s t n u m e r a l s h a v e been p r o d u c e d in p a r a l l e l 
w i t h CR a n d MR, r e s p . , f r o m the s a m e mi lk b a t c h . 
T o t a l and so lub le p ro te in , r e s p . , were d e t e r m i n e d b y t h e Kjeldahl-method a n d 
expressed as N • 6 .25 (see pa r a . 1.2). 
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As can be seen, the type of rennet had no influence on the value of 
to ta l protein. In cheese manufactured with Mil the relative concentration 
of alcohol soluble P D P was lower. The difference was particularly marked 
in the batches rennetted with a higher enzyme concentration (batches 1 and 
1 . 1 ) . 
2.1.2. Trappist cheese. Trappist cheese has been extensively studied for 
several years from the point of view of protein content and protein degradation 
during ripening. Unfortunately, d a t a as to the alcohol soluble P D P are avail-
able only for a small part of the batches. The results are presented in Table 2. 
T a b l e 2 
Comparison of total and soluble protein content of Trappist batches manufactured in parallel 
with calf rennet (CR) and microbial rennet ( M R ) 
Sign 
of batch 
Year 
of 
produc-
tion 
Type 
of rennet 
used 
Protein content of cheese 
Concentration 
of rennet added 
to 100 1 milk, 
SU • 10s 
total % (w/w) 
water soluble alcohol soluble 
related to total protein, % 
x » X s X s 
3 1971 CR 250 2 9 . 4 0.2 2 2 . 5 0.7 
3 .1 1971 MR 250 29.8® 0 .3 23.0® 0 .6 — — 
4 1971 CR 250 2 9 . 7 0.2 2 7 . 7 0 .5 — — 
4 .1 1971 MR 250 29.3® 0.2 3 2 . 0 * 0 .4 — 
4.2 1971 MR 250 29.4® 0 .2 2 8 . 6 * 0.6 — 
5 1971 CR 250 2 9 . 7 0 .4 2 8 . 7 0 .3 - — 
5.1 1971 MR 250 29.6® 0 .0 2 6 . 3 * 0.0 — — 
6 1973 CR 250 2 8 . 1 0 .1 31 .6 0 .4 9 .2 0 .3 
6 .1 1973 MR 200 27.3® 0.2 3 0 . 6 * 0 .5 1 4 . 3 * * * 0.6 
6 .2 1973 MR 250 27.0® 0.1 2 5 . 5 * * * 0.7 1 3 . 4 * * * 0.2 
* = d i f f e r e n c e s i g n i f i c a n t a t t h e p r o b a b i l i t y l e v e l o f 9 5 % a s c o m p a r e d t o t h e 
b a t c h e s m a n u f a c t u r e d w i t h CR 
— = n o t d e t e r m i n e d 
F o r t h e r e s t o f s y m b o l s a n d f o r e x p l a n a t i o n s s e e T a b l e 1. 
As in the case of Emmental , no significant differences in total protein 
content could be observed between either of the batches manufactured in 
parallel with different types of rennet. The relative concentration of water 
soluble P D P seems, on the contrary, to be affected by the coagulant. With the 
exception of one pair of batches (3 and 3.1) significant differences were found 
between cheese produced in parallel with CR and MR, resp. In 4 out of 5 
batches (4.2, 5.1, 6.1 and 6.2) the use of MR decreased the water soluble P D P 
content as compared to the values obtained for cheese prepared with CR, 
while the comparison of the batches 4 and 4.1 showed an opposite effect. 
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Alcohol soluble P D P content was increased by the use of MR. contrary to the 
results obtained with Emmental . The slight variation in MR concentration 
as applied with batch 6.1 did not alter the trends of the results. 
2.1.3. "Pálpusztai" cheese. The results obtained with various batches 
of this soft cheese manufactured f rom cow's milk are summarized in Table 3. 
T a b l e 3 
Comparison of total and soluble protein content of "Pálpusztai" cheese batches manufactured 
in parallel with calf rennet (CR) and microbial rennet ( M R ) 
Sign 
of batch 
Year of 
produc-
tion 
Protein content of cheese 
Type 
of rennet 
used 
Concentration 
of rennet added 
to 100 1 milk, 
SU • 10" 
total % (w/w) 
water soluble alcohol soluble 
related to total protein, % 
X s 5 « X s 
7 1973 CR 250 2 2 . 2 0.2 8 1 . 7 0.6 13 .3 0.9 
7.1 1973 MR 250 2 3 . 1 * 0.3 5 9 . 2 * * * 0 .8 2 0 . 6 * * * 0 .5 
8 1973 CR 220 2 1 . 9 0 .1 9 6 . 5 0.6 16 .9 1.6 
8 .1 1973 MR 175 2 3 . 2 * * 0 .3 9 0 . 6 * * * 0.1 2 5 . 1 * * * 0 .4 
9 1974 CR 160 2 0 . 7 0.1 8 4 . 3 0.2 1 5 . 3 0 .6 
9 .1 1974 MR 160 2 2 . 0 * * * 0.1 9 2 . 2 * * 1.0 3 0 . 3 * * * 0 .9 
10 1974 CR 160 2 1 . 4 0.0 8 4 . 6 0 .9 2 1 . 0 0 .4 
10.1 1974 MR 160 2 1 . 0 * 0.2 9 7 . 9 * * * 0 .6 3 0 . 9 * * * 0 .8 
* * = d i f f e r e n c e s i g n i f i c a n t a t t h e p r o b a b i l i t y l e v e l o f 9 9 % a s c o m p a r e d t o t h e 
b a t c h e s m a n u f a c t u r e d w i t h CR 
F o r t h e r e s t o f s y m b o l s a n d e x p l a n a t i o n s s e e T a b l e s 1 a n d 2 . 
D a t a obtained bo th for total protein content and for soluble P D P suggest 
a stronger effect of the rennetting agent than was observed with hard or semi-
hard cheese types (Emmental and Trappist, resp.) manufactured f rom cow's 
milk. The values of to ta l protein as well as of water and alcohol soluble P D P 
content were found to be significantly different in the batches prepared in 
parallel with CR and MR. resp. I n 3 out of 4 cases the use of MR brought 
about a higher total protein content of cheese, in one case (batches 10 and 
10.1) the sense was opposite. However, the difference was slight, although 
significant, in all the batches obtained with MR alcohol soluble P D P content 
was considerably higher as compared to those prepared with CR. The respective 
ratios ranged from 1.5 to nearly 2.0. The differences in water soluble P D P 
content as found in cheeses manufactured with CR and MR. resp., are con-
tradictory and do not permit of any conclusion. 
2.1.4. White cheese. The results obtained with the soft type White cheese 
manufactured from ewe's milk are shown in Table 4. 
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Table 4 
Comparison of total and soluble protein content of White cheese batches manufactured in 
parallel with calf rennet (CR) and microbial rennet (MR) 
Sign 
of batch 
Year of 
produc-
tion 
Type 
of rennet 
used 
Concentration 
of rennet added 
to 1001 milk, 
SU • 10» 
Protein content of cheese 
total % (w/w) 
water soluble alcohol soluble 
related to total protein, % 
X s X s X s 
11 1973 CR 4 5 15.7 0 .1 10.9 1 .5 9 .3 1.1 
11 .1 1973 MR 30 14.6** 0 . 0 1 2 . 7 0 0 .7 12 .8* 1 .7 
11 .2 1973 MR. 37 13.8*** 0 . 1 14.7* 0 . 5 13 .0** 0 . 4 
For s y m b o l s a n d e x p l a n a t i o n s see Tables 1, 2 a n d 3. 
The data indicate a distinct influence of the coagulant on total protein 
as well as on alcohol soluble P D P content. The former characteristic was 
found to be lower, the latter considerably higher in the batches manufactured 
with MR. 
2.1.5. Comparison of the relative contents of soluble PDP in different 
cheese types. Some of the results presented in Tables 1—4 are summarized 
in Pig. 1. 
Fig. 1 gives a clear picture on the considerable differences in the 
distribution of soluble P D P found between the various cheese types irrespective 
Fig . 1. Compar i son of t h e r e l a t i v e c o n t e n t s of so luble p ro t e in d e g r a d a t i o n p r o d u c t s 
( P D P ) in d i f f e r e n t cheese t ypes . 1, 2, 6, 7, 8, 9, 10, 11: cheese m a n u f a c t u r e d w i t h ca l f 
r e n n e t (CR); 1.1, 2.1, 2.2, 6.1, 6.2, 7.1, 8.1, 9.1, 10.1, 11.1, 11.2: cheese m a n u f a c t u r e d 
w i t h microb ia l r e n n e t (MR). Cheeses of a given t y p e m a r k e d w i t h i den t i ca l f i r s t n u m e r a l s 
h a v e been m a n u f a c t u r e d in pa ra l l e l w i t h CR a n d MR, resp. T y p e s of cheese, y e a r s of 
p r o d u c t i o n (in b r a c k e t s ) a n d n u m b e r s of b a t c h e s a r e as fol lows: E m m e n t a l (1972), 1, 
1.1; (1973), 2, 2.1, 2.2; T r a p p i s t (1973), 6, 6.1, 6.2; " P á l p u s z t a i " (1973), 7, 7.1, 8, 8.1; 
(1974), 9, 9.1, 10, 10.1; W h i t e cheese (1973), 11, 11.1, 11.2. F o r t h e d e t e r m i n a t i o n of t o t a l 
p ro t e in a n d so lub le P D P c o n t e n t see p a r a . 1.2 
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of the type of coagulant used in the manufacturing process. In mature Emmen-
ta l cheese about 40% of the total protein content have been degraded in the 
ripening process to soluble products, about half of which are alcohol soluble, 
i.e. consist of small peptides and free amino acids. In Trappist cheese the 
relative percentage of soluble P D P is somewhat lower (below 30% of total 
protein) and again about half of these are alcohol soluble. In "Pálpusztai" 
% 
Start- © 
1 Start 
© 
7 7 . 1 8 8 .1 " 11-1 11-2 
А В 
Fig. 2. Po lyacry lamide gel disc e lec t rophore tograms of t he w a t e r soluble p ro te ins of 
" P á l p u s z t a i " (A) and W h i t e cheese (B). 7, 8 a n d 11: ba tches p repa red with calf r enne t 
(CR); 7.1, 8.1, 11.1 a n d 11.2: ba t ches p repared wi th microbial r enne t (MR). Ba tches 
m a r k e d wi th identical f i r s t numera l s have been m a n u f a c t u r e d in parallel wi th CR and 
MR, resp. For deta i ls of electrophoresis see p a r a . 1.3 for those of cheese character is t ics 
Tables 3 a n d 4, 
cheese the greater par t of total protein (59 to 97%) is soluble, but only a 
relatively low percentage consists of low molecular weight compounds. The 
amount of these varies within wide limits f rom batch to batch and also with 
the type of rennet used. The soft type White cheese produced from ewe's 
milk presents an entirely different pat tern of soluble P D P in that it contains 
only a low relative percentage of solubilized compounds (10 to 15%). These, 
however, consist nearly entirely of small peptides and free amino acids. 
2.2. Electrophoretic fractionation of soluble PDP of soft cheese 
The disc electrophoretograms of the water extracts of "Pálpusztai" and 
White cheese batches manufactured with CP and MR, resp., are shown in Fig. 2. 
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The electrophoretic pa t t e rns of the soluble proteins of the two kinds 
of soft cheese are ra ther different with respect both to the number and to the 
location of the fractions. Less marked differences or none whatever could be 
observed between the batches of a given cheese type, whether manufac tured 
in parallel with different types of rennet or prepared with the same coagulant 
at different t imes, i.e. from various milk batches . 
12 to 15 protein zones could be discerned b y the naked eye on the electro-
phoretograms of "Pálpuszta i" extracts and 5 on those obtained from Whi te 
cheese. The relat ive mobilities (MB) and es t ima ted colour intensities of the 
stained protein bands are given in Tables 5 a n d 6. 
As can be seen from the tables, only one pair of "Pá lpusz ta i " batches 
(8 and 8.1) showed differences with respect t o the number of protein zones. 
These arose f rom the absence of some faint bands from the soluble protein 
pa t te rns of the cheese manufactured with the microbial enzyme preparat ion. 
The other pair of "Pá lpusz ta i" yielded only minor differences owing to the 
al ternate presence or absence of some poorly stained bands, while practically 
identical electrophoretograms were obtained for the water soluble proteins 
of all the White cheese batches investigated. 
The densitograms of the "Pálpuszta i" batches 8 and 8.1 as well as of 
the White cheese batches 11, 11.1 and 11.2 are shown in Fig. 3. 
On the densitograms of the electrophoretically separated Soluble protein 
fractions of the "Pálpusz ta i" batches 8 and 8.1 as manufactured with С11 
and MR, resp., 8 peaks each could be observed, one of the two largest having 
two "shoulders". The number of the peaks obtained by densi tometry was 
considerably reduced as compared to the readings performed by the naked 
eye. This is obviously due to insufficient sensitivity of the instrument used. 
Another difficulty of instrumental evaluation consisted in the overlapping 
of peaks although the stained zones seemed well separated. For comparative 
purposes it was found, therefore, expedient t o form 5 groups of the 8 peaks 
as indicated in the figure by vertical bars and Roman numbers. The colour 
intensities of these groups of fract ions as calculated by the integrator of the 
instrument were t h e n expressed as percentage of total colouration. The histo-
grams thus obta ined are shown in the lower p a r t of Fig. 3. Although instru-
mental evaluation did not prove too sensitive, the difference in soluble pro-
tein composition of the "Pá lpusz ta i" hatches produced with different coagu-
lants could clearly be established in t ha t t he fastest moving band did 
not appear in t he densitogram corresponding to the cheese manufactured 
with MR. 
As to the electrophoretograms of the water soluble proteins of White 
cheese, ins t rumental evaluation proved less sensitive t h a n the naked eye 
in this case as well: only 4 peaks appeared on the densitogram instead of 5. 
These were, however, well separated and relat ive colour intensities could he 
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Table 5 
Relative mobilities of electrophoretically separated water soluble protein fractions of "Pálpusztai" cheese batches manufactured in parallel 
with calf rennet (CR) and microbial rennet (MR) 
Sign of batch — 7 7.1 8 8.1 
No. of fractions M b • too I M B . 100 I M B • 100 I M B • 100 I 
1 0 + + + + + 0 ++ +++ 0 + +++ + 0 +++++ 
2 8 + 9 + — — 
3 1 5 + 1 5 + 1 4 + — 
4 2 3 + + 2 2 ++ 2 2 + + + 2 3 + + 
5 2 7 + + 2 8 ++ 2 8 + + 2 7 ++ 
6 3 6 + 3 7 + 3 9 + — 
7 4 1 + + 4 3 + 4 1 + + 4 2 +++ 
8 5 0 + 5 0 ++ 5 1 + 5 2 + 
9 5 6 ++ — 5 8 + + — 
1 0 6 2 _J L. 6 2 I !_ 6 4 I I I I I 6 2 1- 1- 1- 1 I 
п Г T Г Т "Г I 1 1 г 1 1 1 1 1 
1 1 6 6 ++++ 6 6 ++ + + 6 8 +++++ 6 7 + +++ + 
1 2 7 2 +++ 7 1 + + + + 7 4 +++++ 7 2 + +++ 
1 3 
— 
7 6 + + 7 8 ++ 7 8 + + 
1 4 8 2 +++ 8 1 + + + 8 3 +++ 8 4 ++ 
1 5 8 7 +++ 8 6 + + + 8 8 +++ 8 9 + + + 
1 6 1 0 0 ++++ 1 0 0 + + + + 1 0 0 ++++ 1 0 0 + + 
Total number of fractions 1 5 1 5 1 5 1 2 
7 a n d 8 = ba t ches p r e p a r e d wi th CR; 7.1 a n d 8.1 = b a t c h e s p r e p a r e d w i t h MR 
M B = r e l a t ive e lec t rophore t i c mob i l i t y (migra t ion d i s t ance as r e l a t ed t o t h a t of t he b r o m o p h e n o l b lue m a r k e r ) 
I = co lour i n t ens i t y of s t a ined zone; 
-f- + + + + = ve ry s t rong , b lack co loura t ion 
+ + + + = s t rong , black co loura t ion 
- j - + a n d + + + = d i f f e r e n t degrees of m e d i u m co loura t ion 
-f- = f a in t , h a r d l y visible 
« % = 0 . 6 - 6 . 0 
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T a b l e 6 
Relative mobilities of electrophoretically separated water soluble protein fractions of White 
cheese batches manufactured in parallel with calf rennet (CR) and microbial rennet (MR) 
Sign of batch — u 11.1 11.2 
No. of fractions MB • 100 I MB • 100 I MB • 100 I 
1 7—12 + 8—12 + 7—12 + 
2 63 + + + 62 + + + 61 + + + 
3 67 + + + + + 66 + + + 4 - + 67 + + + + + 
4 81 + + 81 + + 82 + + 
5 87 + + 86 + + 87 + + 
T o t a l n u m b e r of 
fractions 5 5 5 
11 = b a t c h p r e p a r e d w i t h CR 
11.1 a n d 11.2 = b a t c h e s p r e p a r e d w i t h MR 
M B = r e l a t ive e l ec t rophore t i c m o b i l i t y (migra t ion d i s t ance as r e l a t e d t o t h a t 
of t h e b r o m o p h e n o l b lue m a r k e r ) 
I = co lour i n t e n s i t y of s t a i ned zone : 
+ + + + + = v e r y s t rong , b l a c k co loura t ion 
-(- + and + + + = d i f f e r e n t degrees of m e d i u m co lou ra t ion 
4- = f a in t , h a r d l y visible 
s% = 0 . 7 - 2 . 3 
calculated individually for every peak. No significant difference could be 
established between the soluble protein pat terns of the batches manufactured 
with different rennet t ing agents . 
3. Conclusions 
Results obta ined as to total protein content and to protein degradation 
products were very different for the various cheese types investigated. Thus, 
no general conclusion as to the effect of the rennet t ing agent on these cheese 
consti tuents can be drawn. 
Total protein content in hard and semi-hard cheese as manufactured 
f rom cow's milk (Emmental and Trappist) did not seem affected by the type 
of rennet used (Tables 1 and 2). The two soft cheese types investigated, "Pá l -
puszta i" from eow's milk and White cheese from ewe's milk, showed significant 
differences in this respect with different types of rennet . The microbial enzyme 
preparat ion had an opposite effect on the two soft cheese types: while in most 
cases it increased the total protein content of "Pálpuszta i" , it decreased t h a t 
of White cheese. 
The differences in water soluble P D P content as observed between 
batches manufactured in parallel with CR and MR, resp., are divergent for 
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Fig. 3. D i s t r i b u t i o n of co lou r in tens i ty in t h e e l ec t rophore t i ca l ly s e p a r a t e d a n d s t a ined 
soluble p r o t e i n f r a c t i o n s of " P á l p u s z t a i " (A) and W h i t e cheese (B). — U p p e r p a r t : 
d e n s i t o m e t r i c curves c o r r e s p o n d i n g t o t h e co loura t ion of t h e p ro te in b a n d s a s o b t a i n e d 
for t h e e l e c t r o p h o r e t o g r a m s 8, 8.1, 11, 11.1 a n d 11.2 r e p r e s e n t e d in Fig . 2, b y m e a s u r e m e n t 
w i t h t h e d e n s i t o m e t e r Chromoscan (JOYCE-LOEBL, U K ) . b a t c h e s m a n u f a c t u r e d 
w i t h calf r e n n e t (CR): 8 a n d 11; b a t c h e s m a n u f a c t u r e d w i t h microb ia l 
r e n n e t (MR): 8.1 a n d 11.1; b a t c h m a n u f a c t u r e d w i t h MR: 11.2. 8 a n d 
8.1 a r e b a t c h e s of " P á l p u s z t a i " , 11, 11.1 a n d 11.2 b a t c h e s of W h i t e cheese. T h e R o m a n 
n u m b e r s i n d i c a t e t he p e a k s a n d g roups of p e a k s , resp . , u s e d to ca lcu la te r e l a t ive colour 
in tens i t i es . — Lower p a r t : compar i son of r e l a t i v e colour in tens i t i es of e l ec t rophore t i ca l ly 
s e p a r a t e d a n d s ta ined s o l u b l e p ro te in z o n e s ca lcu la ted f r o m areas of p e a k s a n d g roups 
of peaks , r esp . , as r e l a t e d t o t o t a l c o l o u r a t i o n ( to ta l a r e a ) . F o r s y m b o l s see u p p e r p a r t 
of t he f i g u r e , n s t a n d s f o r ge l t u b e s f r o m 2 s e p a r a t e e l ec t ropho re t i c r u n s p e r f o r m e d w i t h 
t he s a m e cheese e x t r a c t . 0 = d i f fe rence b e t w e e n r e l a t i ve colour i n t ens i t i e s of soluble 
p r o t e i n f r a c t i o n s in cheeses m a n u f a c t u r e d w i t h CR a n d MR, resp . , n o t s ign i f icant 
Emmenta l and Trappis t cheese and, therefore, difficult to interpret . From 
Fig. 1 it may, however, be clearly seen tha t the relative concentration of 
higher molecular weight P D P (insoluble in alcohol and calculated by subtract-
ing the value of alcohol soluble P D P f r o m that of water soluble P D P ) undergoes 
but slight changes in Emmenta l , whereas it is distinctly decreased in Trappist 
by the use of MR. 
Acta Alimentaria 4, 1975 
KISS et al.: PROTEINS IN CHEESE PREPARED WITH MICROBIAL RENNET 4 0 3 
A distinct but opposite effect on the formation of low molecular weight 
(alcohol soluble) P D P can be noted with above two cheese types: in Emmental 
batches produced with MR the values of alcohol soluble P D P are lower, in 
Trappist higher than in the control batches. 
I t seems that in hard and semi-hard cheese the changes in to ta l protein 
and soluble PDP content as induced by the use of MR are not too important. 
This is corroborated for Emmental by B O L L I G E R and S C H I L T ( 1 9 6 9 ) who found 
very slight differences between cheese prepared wi th calf rennet and with 
Sure Curd, resp., the la t ter being a preparation derived from Endothia parasitica 
and manufactured by P F I Z E R (USA). As for Trappist , results obtained earlier 
in this laboratory with a large number of commercial and experimental 
batches prepared with calf rennet, show the variations observed in the present 
study as at tr ibuted t o the coagulant to be within the normal limits (EL-
N O C K R A S H Y , 1 9 7 1 ; E L - N O C K R A S H Y et al., 1 9 7 2 , 1 9 7 3 ; V Á M O S - V I G Y Á Z Ó et al., 
1 9 7 5 A ) . 
The most striking differences in soluble P D P content between batches 
obtained with CR and MR, resp., were found in the soft type cheese "Pál-
pusztai" (Table 3). The use of microbial rennet seems to promote the formation 
of alcohol soluble, low molecular weight compounds (small peptides and free 
amino acids) in this cheese type. The effect of the type of coagulant applied 
shows also in the composition of soluble proteins as revealed by Polyacryl-
amide gel disc electrophoresis (Figs. 2 and 3, Table 5). Quantitative evaluation 
of the number and relat ive colour intensities of the electrophoretically separat-
ed, stained soluble protein zones showed these to differ more or less in batches 
prepared with different coagulants (batches 7 and 7.1 or 8 and 8.1, resp.), 
while practically no differences could be detected between batches prepared 
with calf rennet at different times, i.e. from different milk batches. These 
findings are in good agreement with those reported by others ( E D W A R D S 8C 
K O S I K O W S K I , 1 9 6 9 ; V A N D E R P O O R T E N 8C W E C K X , 1 9 7 2 ) for Cheddar and Gouda 
cheese, resp. 
In the case of White cheese, too, the use of MR had a favourable effect 
on the formation of low molecular weight nitrogenous compounds (Table 4). 
No differences were, however, obtained in the composition of soluble proteins 
as separated by gel electrophoresis (Figs. 2 and 3, Table 6). The uniformity 
of the electrophoretograms of the water extracts of cheese batches manu-
factured with different coagulants as well as the small number of protein 
bands may be connected with the fact that soluble protein of this cheese 
type is nearly entirely composed of low molecular weight (alcohol soluble) 
degradation products which — at least in part - do not stain with Amido 
Black. 
On the whole it can he said t h a t in all the cheese types investigated 
protein degradation seems to be more or less affected by the type of coagulant 
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used. The changes induced by the microbial rennet are particularly marked 
in soft type cheeses. No relationship could, however, be established between 
protein content and/or composition of cheese and variations in the amount 
of MR used in the manufacturing process. 
* 
T h e a u t h o r s a r e i n d e b t e d t o P r o f e s s o r Dr . R . TARJÁN, Director a n d D r . E . DWOR-
S C H Á K , H e a d of D e p a r t m e n t of t h e I N S T I T U T E OF N U T R I T I O N , B u d a p e s t f o r h a v i n g m a d e 
poss ib le t h e e v a l u a t i o n of t h e e l e c t r o p h o r e t o g r a m s w i t h t h e Chromoscan d ens i t ome te r . 
T h e sk i l fu l l a b o r a t o r y w o r k of Mrs. E . S Á N T H A is h i g h l y app rec i a t ed . 
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ACTIVATION ANALYSIS OF TRACE ELEMENTS IN PAPRIKA 
D . KARIMIAN-TEHERANI , R . R E H W O L D T , J . WASHÜTTL a n d I . K iss 
(Rece ived May 12, 1975) 
V a r i o u s s a m p l e s of H u n g a r i a n sp ice p a p r i k a ( p o w d e r e d ) were a n a l y s e d 
for the i r B r , F e , Co and M n c o n t e n t . S a m p l e s of pap r ika b o t h w i t h and w i t h o u t 
seeds were s t u d i e d . The v a l u e s a r e r e p o r t e d i n p p m (dry w e i g h t ) . 
S t a t i s t i c a l ana lys is s h o w e d s i g n i f i c a n t differences i n t h e t r ace e l e m e n t 
c o n t e n t s b e t w e e n m o s t c u l t i v a r s . I n t he m a j o r i t y of the cases , increas ing t h e s e e d 
c o n t e n t of t h e samples t e n d e d t o reduce t h e i r t r a c e e l e m e n t c o n t e n t . 
The role of trace metals in biological systems is extremely complex. 
The absence of certain trace elements can be detrimental toward heal th , 
while an excess of the same elements may be toxic. Although the exact role 
of the elements may be somewhat unclear, the list of ions now considered essen-
tial has grown f rom only iron, in the 17th Century, to now include some 13 
elements (SCHWARZ, 1972). 
I t is important , therefore, to measure the trace element content of 
foodstuffs in an a t tempt to increase one's understanding of the distribution 
of elements both geographically and throughout the food chain. 
1. Materials and methods 
The powdered paprika samples were supplied by the PAPRIKA RESEARCH 
STATION, Kalocsa, Hungary (Table 1). 
All analyses were made by comparing the spectra to those of known 
purity (pro anal.) and concentration (MERCK, CHEMICAL Co.). Samples were 
measured with an Intertechnique 400-channel pulse height analyser connected 
to a 12 cm3 Ge/Li detector. 
Long half-life elements. — Samples weighing from 0.2—0.4 g were 
sealed in quartz ampules. The samples were irradiated for 24 hours in a neutron 
flux of 3—5 • 1013 n c m _ 2 s _ 1 . After waiting 7 days, the samples were counted. 
Short half-life elements. — Samples weighing from 0.08—0.15g were 
sealed in PVC ampules and irradiated for 10 minutes in a neutron f lux of 
3—5 • 1013 n c m " 2 s" 1 . 
After waiting 3 hours the samples were counted. 
Samples were irradiated with thermal neutrons, therefore, secondary 
interfering reactions did not occur. 
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Table 1 
Paprika cultivars studied in this report 
No. Samples 
1. K - -D—601 determined growth type , not hot, wi thou t seeds 
2. K - -D—601 determined growth type , not hot, w i t h 20% seeds 
3. K - - D — 6 2 1 determined growth type , hot, wi thou t seeds 
4. K - - D — 6 2 1 determined growth type , hot, with 2 0 % seeds 
5. K - -M—622 half determined g r o w t h type, not ho t , without seeds 
6. K -M—622 half determined g r o w t h type, not ho t , with 20% seeds 
7. K - - 5 0 4 continuous growth type , not hot, wi thou t seeds 
8. к - 5 0 4 continuous growth type , not hot, w i t h 20% seeds 
9. К - - V — 1 continuous growth type , hot, w i thou t seeds 
10. к - V — 1 continuous growth type , hot, wi th 2 0 % seeds 
T h e r e d p e p p e r (Capsicum annuum) c u l t i v a r s were g r o w n in the v i c i n i t y of 
Ka locsa ( К ) in H u n g a r y . 
2. Results 
Figure 1 is a reproduction of a typ ica l spectrum obtained by t he ac-
tivation of paprika. The peaks measured were: 82Br 777 keV, 59Fe 1099 keV 
and e°Co 1330 keV. The shor t half-life 56Mn was measured at 847 keV. 
The mean values a n d standard deviat ions of the samples can be found 
Fig . 1. T y p i c a l s p e c t r u m of n e u t r o n - a c t i v a t e d p a p r i k a 
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T a b l e 2 
Average value (ppm in the dry matter) and standard deviation (n = 5) of bromine, iron, 
cobalt and manganese contents in powdered paprika samples 
No. 
of 
sample 
Br Fe Co Mn 
*x X ex X Sx X sz 
1 2 4 . 1 9 1 .75 127.02 1 . 2 8 4 .96 0 .24 1 8 . 2 1 0 .65 
2 14 .56 1.46 137.84 0 . 7 1 6 .03 0 .16 1 1 . 4 4 0.39 
3 10 .92 1 .09 143.20 2 . 7 5 4 .68 0 .67 8 . 7 9 0.94 
4 2 1 . 5 4 1.48 119.12 7 .67 4 .52 0 .17 1 3 . 1 4 0.76 
5 1 1 . 5 5 1.24 125.18 0 . 6 6 6 .21 0 .42 1 0 . 6 6 0.69 
6 14 .16 0 .79 110.94 0 . 8 1 4 .58 0 . 3 4 1 0 . 0 9 0 .57 
7 1 5 . 9 3 0 .82 118.00 2 . 0 9 5 .27 i 0 . 2 9 1 2 . 0 8 1.16 
8 14 .76 0 . 3 5 106.34 3 . 6 4 3 .51 0 . 5 5 9 . 8 3 0 .48 
9 1 8 . 6 3 1 .08 100.54 2 . 9 0 3 .69 ; 0 .32 1 6 . 6 6 0 .94 
10 1 1 . 3 4 0 . 3 8 104.36 4 . 0 6 4 .79 0 . 1 5 9 . 0 4 0 . 9 5 
in Table 2 which compares the bromine , iron, cobal t and manganese contents 
of the examined p a p r i k a samples g round with or wi thou t seeds (Pigs. 2—5) 
using the Student t t e s t . 
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Fig . 2. S ign i f icance of d i f f e r ences in t h e b r o m i n e c o n t e n t s of powdered p a p r i k a samples , 
ca l cu la t ed b y t h e t t e s t (F igu re : ave rage v a l u e s in p p m in t h e d r y m a t t e r ) . 1: B r c o n t e n t 
of s a m p l e w i t h o u t seeds h i g h e r t h a n of t h a t w i t h seeds; 2: B r c o n t e n t of s a m p l e w i t h o u t 
seeds lower t h a n of ( h a t w i t h seeds; 3: d i f f e r ence no t s i g n i f i c a n t ; 4: d i f f e r ence s ign i f i can t 
( P > 9 5 % ) ; 5 : d i f fe rence h i g h l y s ign i f i can t ( P > 99%) ; 6: d i f fe rence v e r y h i g h l y signifi-
c a n t ( P ^ 99 .9%) 
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As can be seen, the iron content is much higher than tha t of the other 
trace metals. I t is not however, inordinately high for plant samples. CHAT-
F I E L D and ADAMS ( 1 9 4 0 ) and K A P E L L E R (1971) for example, have measured 
the iron content of many vegetables and found it to vary from 6.6 to 76 ppm 
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Fig . 3. Signif icance of d i f fe rences in t h e i ron c o n t e n t s of powdered p a p r i k a samples : 
c a l c u l a t e d b y the t t e s t (F igure : a v e r a g e va lues in p p m in t h e d ry m a t t e r ) . 1: F e c o n t e n t 
of s a m p l e w i t h o u t seeds h ighe r t h a n of t h a t wi th seeds; 2: F e con ten t of s a m p l e w i t h o u t 
seeds lower t h a n of t h a t w i t h seeds; 3: d i f fe rence n o t s i g n i f i c a n t ; 4: d i f f e r ence s igni f icant 
( P > 9 5 % ) ; 5: d i f f e rence h igh ly s i g n i f i c a n t (P > 9 9 % ) ; 6 : d i f ference v e r y h ighlv sig-
n i f i c a n t ( P > 99 .9%) 
wet weight. MAYER and GORHAM ( 1 9 5 1 ) and CANNON ( 1 9 6 0 ) have also reported 
t h a t normal iron content may be as high as 160 ppm. 
There are even some measurements on algae which indicate iron contents 
as large as 10 0 0 0 p p m (DRASKOVIC et al., 1972) . The same is t rue for the other 
elements measured. Co may vary f rom 0.5 ppm in a non-accumulator to as 
high as 1.8% dry weight in an accumulator species such as Crotolaria cobalticola 
(PETERSON, 1972) . Br and MN also vary greatly depending upon the species 
of plant investigated (BOWEN, 1 9 6 7 ; UNDERWOOD, 1962) . 
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Fig. 4. Significance of differences in the c o b a l t contents of powdered p a p r i k a samples, 
calculated b y the t tes t (Figure: average va lues in p p m in t h e d r y mat te r ) . 1: Co content 
of sample w i t h o u t seeds h igher t h a n of t h a t w i t h seeds; 2: Co content of s a m p l e without 
seeds lower t h a n of t h a t w i th seeds; 3: d i f fe rence not s igni f icant ; 4: d i f ference significant 
(P > 95%) ; 5: difference h igh ly s ignif icant ( I ' > 99%); 6: difference v e r y highly sig-
ni f icant ( P > 99.9%) 
cult ivar 
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Fig. 5. Significance of differences in the manganese c o n t e n t s of powdered paprika» 
samples ca lcula ted by the t t e s t (Figure: average values in p p m in t he d r y matter)-
1: Mn c o n t e n t of sample w i t h o u t seeds h i g h e r than of t h a t wi th seeds; 2 : Mn content 
of sample w i t h o u t seeds lower t h a n of t h a t wi th seeds; 3: difference n o t significant; 
4: d i f ference s ignif icant (P ;> 95%); 5: d i f ference h ighly signif icant ( P > 99%); 6: 
difference very highly s ignif icant ( P > 99.9%) 
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Tab le 3 
Effect of increased seed content of ground paprika (5 cultivars) on the changes in their contents of 4 trace elements 
Trace element 
Cultivar 
No. of cultivare in the 
"higher", "lower" or 
"not differing" 
categories Total 
K - i ) 601 K - D - 6 2 1 K D 622 К 504 К - A —1 > < — 
Br > < < > > 3 2 0 5 
Fe < > > > — 3 1 1 5 
Co < — > > < 2 2 1 5 
Mn > < 
— 
> > 3 1 1 5 
No. of trace ele-
ments in the 
"higher" , > 2 I 2 4 2 11 
" lower" or < 2 2 1 0 1 0 
"no t differ- — 0 1 1 0 1 3 
ing" catego-
ries 
Total 4 4 4 4 4 20 
W 
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В 
й 
> 
н 
м > 
и 
с 
н 
й 
и 
и 
н 
> 
hd 
2 
и 
> : ind ica tes h igher t r a c e e l e m e n t c o n t e n t in s amp le s w i t h o u t seeds 
< : ind ica tes lower t r a c e e l e m e n t c o n t e n t in s amp le s w i t h o u t seeds 
—: ind ica tes n o s t a t i s t i ca l ly s ign i f ican t d i f fe rence 
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3. Conclusions 
In the related pairs of samples (identical variety, ground with or withou t 
seeds) and also in all samples disregarding a few exceptions — there is a sig-
nif icant difference as to t he amounts of the elements studied. 
The significance of differences is of various ex ten t . (The greater amount 
is to be found in sample ground either with or wi thou t seeds.) I t cannot be 
concluded definitely whether the enr ichment of t he elements occurs in the 
pod tissue of the fruit or in the seeds, although, in t he majori ty of the cases, 
the trace element content of the samples without seeds appeared to be signifi-
cantly higher than t h a t of the samples containing 20% seeds. This was t rue 
for all four elements with K— 504. for two elements (Br and Mn) wi th cultivars 
К — D — 6 0 1 and К — V — 1 and for two other elements (Fe and Co) with K— 
I) 622. Wi th cultivar К D —621. such a situation was found to apply only 
t o one e lement (Fe) (Table 3). 
Viewed differently, t he trace element content of samples no t containing 
seeds was higher than t h a t of those w i t h seeds in 3 of the 5 cultivars examined 
for 3 elements (Br, Fe, Mn) and in 2 cult ivars for 1 element (Co). 
The present examinat ions are ra ther of exploratory nature and they 
were carried out in the f i rs t place with the aim a t testing the applicability 
of the method in food analysis . However , it would be useful to extend the 
experiments f rom the po in t of view of plant and h u m a n physiology. In order 
to get a closer view of t he background it is necessary to examine the soil, 
agrotechnics, plant physiology, yield, as well as the industrial processing of 
paprika, accumulation of the e lements in the human organism. 
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